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Abstract 
——————————————————————–   
The 1996 Johnson stakeholder review of Australian engineering education 
recommended the development of a number of broadly defined attributes in all 
engineering graduates. The Institution of Engineers, Australia (now Engineers 
Australia) responded swiftly by switching the focus of its engineering course 
accreditation requirements from course content to graduate attribute outcomes.  
 
To maximise the effectiveness of this approach to the mechanical engineering 
discipline a clear understanding of the relative significance of a more detailed range 
of attributes to Australian industry is essential, yet the scope of the mechanical 
engineering profession is broad and views of individual practitioners contributing to 
debate on attribute requirements are largely influenced by their own often unique 
professional formation.  
 
The research presented in this thesis is unique in using a role based analysis of the 
relative significance of an extensive range of attributes considered relevant to 
Australian mechanical engineers. The study covers the six industries found to 
employ the greatest number of Australian mechanical engineers. The significance of 
these attributes in the core mechanical engineering roles of each industry are 
weighted according to the numbers of mechanical engineers employed in those roles.      
 
These attribute significance profiles are considered in the context of a study of the 
formative development of the profession under the extensive influence of 19th and 
20th century UK and US practices and recent momentous changes in engineering 
employment and formation.    
 
A wide range of appropriate teaching strategies to develop the most significant 
attributes through proximal and distance learning are explored and a brief account of 
the candidate’s work in developing and assessing the use of technology to enhance 
flexible learning in the field of engineering education is also included in this thesis. 
 
Abstract iii 
Whilst major areas of the mechanical engineers knowledge base are considered as 
part of the main study, further case study based research is presented to assess in 
more detail the knowledge base requirements for Australia’s best performing 
manufacturing industry by ‘industry value added’ - Food, Beverage and 
Pharmaceuticals and as such provides an indication of the relevance of the content 
base of Australian mechanical (as well as chemical and electrical) engineering 
degree programs to an Australian industry sector. 
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Prologue 
—————————————————————————– 
The following transcript of Nelson Mandela’s opening address of the 26th 
International Conference on Improving University Teaching; Johannesburg, South 
Africa, July 2001 was supplied by the Nelson Mandela Foundation. 
 
Nothing can be more central to the future of humanity as we enter this third millennium than 
the provision of high quality and effective education. 
 
This is indeed the information age. The divide between the rich and poor, the privileged and 
the deprived, the powerful and the marginalised have become marked primarily by a 
differentiation in access to knowledge and information. Those who have access to cutting 
edge knowledge hold the advantage in all arenas of social, political and economic life today. 
 
Higher and further education has a particularly crucial role to play in addressing these 
challenges of our time. This conference is an important contribution to the deliberations 
about how higher education can meet those challenges. 
 
I shall not pretend to be an expert in higher education or the specialised aspects of learning 
and teaching that this conference focuses on. What I do wish to address in these brief 
remarks are some of the expectations that societies in the developing world have of 
universities and institutions of higher learning. 
 
There was time when universities were not primarily concerned with the special and often 
quite individualised needs of students. The institutions were repositories of great scientific 
and scholarly learning and it was up to the student to find his or her way into that specialised 
world. The members of the faculty were experts in their particular fields and their task was to 
continue to improve their scholarly expertise. To spend special energy on teaching those that 
could not cope was not always part of the primary function of the academic. 
 
Universities must continue to be leading institutions for specialised high level scientific 
knowledge. In our own country, where we spend lots of time and energy contemplating 
issues of transformation also in higher education, that demand must remain non-negotiable. 
For South Africa to become and remain competitive in the modern world our universities and 
technikons must develop ever greater skills and expertise. Our scholars must be given the 
opportunities and facilities to deepen and expand their knowledge in their chosen fields of 
expertise. 
 
What one expects of the university in the changed circumstances is that it should utilise its 
expertise to find ways of greater sharing of knowledge. 
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It is not merely by accident that those from particular sectors of society are better skilled in 
accessing the world of knowledge than others. It is not as if those from poorer backgrounds 
or from the socially marginalised sectors have innately less intelligence or skills of 
knowledge acquisition. Many of these differences are socially and historically conditioned 
and are therefore capable of being addressed.………. 
…….. The eradication of inequality and of poverty is the major task of our 
transformational project. Providing effective access to science and learning is the most 
crucial and generic task in that regard. Actively recognising the student as a learner with 
needs and special circumstances is an important first step. 
 
This is, I must add, not to shift the responsibility away from the student. I always make a 
point that poverty and deprivation are not conditions discovered by the current generation of 
students. In many respects those of us from previous generations had to battle much greater 
odds. What we are signalling is a greater recognition world wide that universities and 
institutions of higher learning do have a primary obligation to their students to make 
knowledge accessible, and to facilitate the learning process. 
 
This is not only a challenge for South Africa where we are confronting the legacy of 
centuries of discrimination and oppression. It is a challenge with global dimensions and 
ramifications. A secure future for humanity depends as much as anything else on the rapid 
narrowing of the gap between the rich and the poor within single nations and amongst 
nations. Provision of effective access to knowledge is a key in that global quest. 
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1 - Introduction 
—————————————————————————– 
 
As clearly enunciated by Nelson Mandela in the prologue to this thesis, higher 
education is undergoing immense change to respond to the rapidly changing global 
expectations in the provision of high quality effective education and in developing 
greater skills and expertise across a much broader spectrum of the community.  
 
The development of engineering expertise is of particular significance. The Duke of 
Edinburgh, in his 1961 Graham Clark lecture to the Institution of Civil Engineers 
(cited Gerstl and Hutton 1966, p.2), pointed out that a variety of specialists is needed 
for undeveloped areas to progress, but it tends to be medics and engineers who are 
needed first because of their capacity to deal with the fundamental issues of health, 
water-supply, sanitation, food and communications. Although not as publicly visible, 
engineering is also critical in the developing countries for the maintenance and 
development of technologies that support their infrastructure, and in the developed 
countries for the continuous development and innovation of technologies necessary 
to maintain their economic growth. For example Farrington (2001) cites the Malpas 
Report that ‘At least half of the 1500 companies (other than purely financial) quoted 
daily in the (U. K.) Financial Times depend on engineering to be competitive, and so 
to survive and prosper.’  
 
This thesis demonstrates advanced professional practice towards meeting global 
expectations for higher education in the discipline of mechanical engineering. It uses 
historical, literature and case study based research, to determine in greater detail the 
attributes most appropriate to develop in graduate mechanical engineers to suit 
contemporary Australian conditions, and explores the use of appropriate teaching 
strategies to develop them through proximal and distance learning. In addition, an 
account of the candidate’s work in developing and assessing the use of technology to 
enhance flexible learning in the field of engineering education is presented.  
 
This work is set at the School of Engineering and Technology, Deakin University 
which commenced teaching in 1992. This school has a number of special 
characteristics: 
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1. It uses both proximal and distance education delivery. 
2. It was the first Australian engineering school to enable students to study all 
the units of a fully accredited B.E. course off-campus. 
3. It has strong industry partnerships both in teaching and research. The 
school’s now significant research capability is primarily through industry 
partnerships.  
1.1 Developments in the formation of engineers 
Over the past few centuries the profession of engineering has undergone enormous 
and complex changes, as has the process of education and formation of engineers.  
 
Lloyd (2001a, p.10) indicates the ‘early development of the cognitive base and social 
organisation of Australian engineering grew out of Britain and North America’. Two 
factors ensured Britain’s impact on the early formation of the Australian mechanical 
engineering profession was considerable: Britain’s critical role in the initial 
formation of the mechanical engineering profession, and her role as founder of the 
empire of which the Australian colonies were part. Early Australian mechanical 
engineers were formed through pupillage under English and Scottish migrant 
engineers. Soon after, the influence of the US through the continuing development of 
the mechanical engineering profession and her impact on Australia through 
‘economic colonisation’ quickly became significant. However although influenced 
by elements of Anglo-American custom, pupillage in the context of practice ensured 
relevancy of the knowledge base and attributes developed to the industry in which 
the engineer was apprenticed.  
 
Now, however, the formation of neophyte mechanical engineers is through university 
schools of engineering, largely outside the context of practice. The beginnings of 
Australian university engineering education was greatly influenced by men from 
Britain and a substantial Anglo-American influence continues through factors which 
include: their continuing dominant contribution to the pool of English language texts 
available for Australian mechanical engineering study units; the strong economic and 
political influence of these two nations on Australia; and the supremacy of the USA 
in the world economy.   
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In question are the relevance of the subsequent content used in Australian 
engineering study units to the somewhat different employment environment of 
Australian mechanical engineers and whether the attributes developed through 
teaching approaches strongly influenced by the US and Britain are directly 
transferable to the Australian context or even to the wider international context.  
 
Other diverse global influences that impact on the knowledge base and attributes of 
mechanical engineers include (international) government funded university and other 
research (most often carried out with little regard to industrial relevance), computer 
technology, growing global markets, and the current global secondary teacher 
shortages in the key fields of mathematics and science.  
 
Internationally the practice of the profession is currently going through an 
unprecedented rate of change, but the direction and rate of change varies between 
countries, between industries, between companies that comprise those industries, and 
between distinctive professional mechanical engineering roles. Thus there are 
significant differences in perception of the role of a mechanical engineer amongst 
even widely experienced practitioners whose careers (like that of the candidate) have 
traversed a number of countries, engineering industries, and professional mechanical 
engineering roles. As a consequence, maintaining the relevancy of mechanical 
engineering education to professional practice becomes a significant challenge. 
Literature based research into the historical and more recent developments of the 
profession is included in this thesis to develop a clearer perception of the profession, 
its educational formation, and operating environment, and as such compliments and 
informs the case study based program of research into the professional attributes of 
mechanical engineers central to this thesis.   
 
Throughout the 20th century there have been numerous significant and extensive 
commissioned reports on engineering education - most notably in the US - which 
have consistently argued for increasing content on ‘humanistic’ concepts along with 
skills in lifelong learning. The earliest significant US report was the still oft quoted 
Mann Report of 1918.  In Australia content such as management concepts, effective 
communication, ethics, environmental issues etc. were added to the course. As there 
is also a reluctance to remove outdated content from courses, many courses became 
overcrowded. This has been recognised in several reports both in Australia and 
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overseas (Johnson, 1996). However, an overly broad and taxing curriculum was also 
the prime concern of the 1918 Mann report!  
 
Together with the explosion of technology, this manifested as considerably increased 
course content which reduced the development of critical attributes. It resulted in a 
concentration on the lower cognitive skills such as recall of information but largely 
missed the ‘general aims of a program of study of higher education’ as defined by the 
UK Council for National Academic Awards (CNAA): 
….the development of student’s intellectual and imaginative powers; their understanding and 
judgment; their problem solving skills; their ability to communicate; their ability to see 
relationships within what they have learned and to perceive their field of study in a broader 
perspective. The program must aim to stimulate an enquiring, analytical and creative 
approach, encourage independent judgment and critical self-awareness (cited in Gibbs 
1992, p.1). 
 These are general aims for all higher education students but the importance of all 
these qualities in an engineering graduate can be readily appreciated.  However, a 
review of research literature into the competencies of UK higher education students 
(Ramsden 1992) concluded that: 
Evidence of inadequate skills in working co-operatively to solve problems, over-dependence 
on teachers as sources of information, and lack of that self-critical awareness of one’s own 
ignorance in a subject area that is the only true precursor of further inquiry - together these 
indicate that the standards achieved by our graduates in relation to the resources invested in 
educating them are often less than satisfactory. 
Nevertheless, this was a general statement relating to higher education students in the 
UK, not necessarily to engineering graduates in Australia. 
1.1.1 The ‘attribute’ approach 
The attributes engineers need in their careers can be broken down into:  
• General attributes required by most industrial employers (e.g. communication 
abilities, business skills) 
• Appropriate basic engineering science skills (e.g. mechanics, electrical 
principles) 
• Attributes specific to the career role (e.g. project management), and  
• Knowledge and skills relating to the particular industry.  
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A stake holder review of Australian engineering education commissioned by the 
Institution of Engineers, Australia, the Academy of Technological Sciences and 
Engineering, and the Australian Council of Engineering Deans (Johnson, 1996), 
recommended a broader engineering education and a number of ‘attributes’ that 
should be developed in engineering graduates ‘to a substantial degree’. The 
Institution of Engineers, Australia quickly responded to this report by changing its 
course accreditation focus from ‘course content’ to ‘graduate attribute’ 
.  
Conceptually this principle is a major breakthrough in the educational formation of 
engineers. However a number of reservations are held by the candidate: 
1. To develop the defined attributes, many engineering schools may simply add new 
content specifically to develop these attributes and either overload the curriculum 
or (further) reduce the knowledge base in the basic and engineering sciences, and 
engineering fundamentals. 
2. There is the danger that the widely published results of earlier surveys may have 
reinforced the perceptions they measure, thereby heightening the sensitivity of the 
stakeholder groups (the candidate was a participant) to particular sets of attribute 
deficiencies, and compromising the results. Attribute deficiencies have been 
regularly surveyed for graduates and postgraduates, without regard for their 
discipline, internationally since at least the 1970s (Meager cited Silver and 
MacLean 2005; Centre for Research into Quality cited ibid)1 and the results have 
become somewhat predictable (Centre for research into Quality cited ibid.). Later, 
surveys for engineering graduates2 and postgraduates3 have provided not 
dissimilar results.   
3. The global influence on the results may introduce further measurement error as 
attributes considered significant overseas may be less significant in Australian 
engineering roles and vice – versa. 
4. Without clearly defined employment roles the surveys are subject to significant 
measurement error, particularly due to points two and three above. For the 
                                                 
1 Some of the more recent examples are reported in: Sinclair 1992; Prescott 1992; ACNeilsen 
Research Services 2000; Curtis and McKenzie 2001; Scott and Yates 2002 
2 e.g. Nguyen 1998 
3 e.g. Burtles 1992 
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respondents to accurately determine the significance of any deficiency, the 
employment situations in which those graduates are most likely to be employed 
must be defined. 
5. The limited number of attributes regularly surveyed may now have virtually 
become ‘motherhood’ statements. This may lead to: 
• an overstatement of frequently quoted attribute deficiencies 
• inertia in acceptance of change: that some attributes are becoming less 
relevant and others are becoming more relevant 
• an oversight of essential attributes which have previously not been deficient 
• an oversight of significant attributes which are less visible  
• an oversight of attributes for more specialised roles 
• a lack of insight into the form and range of those attributes. 
6. With the increasing use of public surveys, many of the more recently published 
Australian surveys have had very low response rates4 and thus are subject to 
significant non-response errors.  
 
The original research presented in this thesis attempts to address these concerns by 
focusing on specified common roles within the profession of mechanical 
engineering: a primary branch of engineering encompassing such diverse disciplines 
as manufacturing and aeronautical engineering. (The candidate’s professional 
mechanical engineering practice has embraced both areas.) This focus enables 
determination of a much greater range of attributes that may be significant to this 
branch of engineering, whilst the focus on specified roles enables respondents to 
focus on the requirements for competent performance of distinct major mechanical 
engineering roles within their industry. This should significantly reduce 
measurement error including the carry-over effect from previous national and 
international surveys and also provide some insights into the form and range of the 
attributes. To preclude the anticipated significant non-response error that would 
result from a random survey (particularly with the size of the survey instrument 
resulting from the large range of attributes) a collective case study approach is used. 
 
A vital mechanical engineering attribute is, of course, the knowledge base. A 
detailed coverage of the required mechanical engineering knowledge base across 
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Australian industry is outside the scope of this thesis. However a second case study 
based program of research is presented which focuses on the knowledge base 
requirements for Australia’s best performing manufacturing industry by ‘industry 
value added’ - Food, Beverage and Pharmaceuticals5 - and as such provides an 
indication of the relevance of content base of Australian mechanical (and electrical) 
engineering degree programs to Australian industry. 
 
An issue that must be recognised is that the activities and attributes engineers use in 
carrying out these specified engineering roles are heavily influenced by the 
individual engineer’s own stock of attributes, which in turn is greatly affected by his 
or her formative development throughout all levels of formal and informal education. 
Thus minor elements of unsuited attribute perpetuation will creep in to all survey and 
case study research in this field. Nevertheless, the development of graduates with 
attributes determined from this research should at least better enable them to be 
immediately productive in a professional mechanical engineering role. 
 
The teaching strategies needed to develop these attributes are also addressed within 
this thesis. Research into the impact of various traditional and non-traditional 
proximal teaching strategies on the development of a number of attributes considered 
significant to engineering has been part of the growing international focus on 
engineering education research since the late 1980s. For many of these attributes, 
this is complimented by considerable research by other disciplines in the higher 
education sector.  
 
However distance based delivery provides significant additional challenges in the 
development of engineering attributes. Confronting these challenges has been the 
major thrust of education research and development undertaken at the School of 
Engineering and Technology at Deakin University. This thesis will present a brief 
account of this with a focus on the candidate’s contributions.     
387387 
4 E.g. For the study by Nguyen (1998) the response rate from industrial participants was only 11%. 
5 Whilst the Australian Bureau of Statistics groups ‘Food Beverage and Tobacco’, this research used 
the more natural grouping of ‘Food, Beverage and Pharmaceuticals’. 
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1.2 Thesis Research Questions 
To develop high quality education to most effectively and efficiently develop the 
attributes in mechanical engineering graduates that will best fit them for their first 
professional roles and support their subsequent professional development, the key 
questions of this thesis are: 
 
1. ‘What is the relative significance of each of the broad range of potential 
attributes that enable mechanical engineering graduates to most effectively 
perform the most prevalent mechanical engineering roles in those industries that 
engage the greatest numbers of mechanical engineers in Australia?’ 
 
2. ‘What are the most suitable teaching and assessment strategies to develop these 
attributes through both proximal and distance based delivery without further 
erosion of the mechanical engineering knowledge base?’  
 
3. ‘How can distance education technologies facilitate and enhance these teaching 
methods?’ 
1.3 Thesis Structure 
This thesis consists of eleven chapters and a number of supporting appendices: 
Chapter 1 introduces this thesis with a brief background and overview of the 
research, the research questions to be addressed and an outline of the thesis structure.  
 
Chapters 2 and 3 provide literature based research into the historical and more recent 
development of the Australian mechanical engineering profession and the influences 
of its links with Britain and America to develop a clearer perception of the 
profession, its educational formation, and operational environment. As such it 
compliments and informs the attribute case study research program to determine if 
the results really do represent the most appropriate attribute profile.  
 
The traditional character of the mechanical engineering profession is examined in 
Chapter 2 by exploring the origins of the mechanical engineering profession through 
invention, practice, education and professional formation, with a major focus on the 
Anglo-American-Australian context. By the early 20th century this had led to a 
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profession with an established knowledge base and defined scope of practice. 
Chapter 3 traces subsequent developments through the 20th century to provide 
background to the contemporary Anglo-American-Australian role and educational 
formation of this multifaceted profession.   
 
Sir Magnus Magnusson (2000) writes ‘there is no such thing as truly objective 
history - every generation writes its own history to suit its own agenda’. However, 
authoritative sources have been used in much of the historical research in this thesis; 
sources are from a very wide field and often reinforced by sources from nations 
which may be expected to have different agendas. On the few occasions where there 
were anomalies, these have been noted. Nevertheless historical research often relies 
on ‘events to crystallize into clusters’ (Leedy and Ormond 2001) and so analysis 
becomes more difficult when reviewing recent events that may simply be short term 
aberrations rather than predictors of trends.  
 
Chapter 4 introduces the main aspect of this thesis: the concept of competencies and 
attributes. Starting with the historical background of competency-based education, 
and the lessons learned from the first five generations of competency based training, 
it describes the current approaches to competency research and the recent focus on 
professional attributes. The chapter then discusses significant attribute requirements 
for graduates in general, engineering graduates in particular, and the more specific 
attributes for mechanical engineers. The latter provides the basis of the survey 
instrument for the attribute study.  
 
Chapter 5 investigates the ability of a wide range of deep learning focused teaching 
methods linked with appropriate formative assessment to develop professional 
attributes widely considered significant to the engineering profession.  This chapter 
also establishes the generic attributes that underlie the IEAust attributes in the 1999 
course accreditation manual (IEAust 1999b).   
 
Chapter 6 is central to this thesis. It presents the mechanical engineering attributes 
collective case study, summarises the results and reflects on issues developed in the 
historical research of Chapters 2 and 3. 
Chapter 7 explores key issues in distance education. The distance delivery of 
engineering education by the School of Engineering and Technology of Deakin 
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University introduces considerable challenges in the use of the teaching strategies 
described in Chapter 5 to develop professional attributes.  
 
This chapter describes initial inadequacies in the historic ‘correspondence’ approach 
to distance education and the progressive use of new approaches and developing 
technologies that more recently have addressed such issues as conveying concepts, 
enabling practical experiments, and facilitating improved communication. Their use 
in delivering professional engineering attributes is also considered along with their 
limitations. Hybrids of proximal and distance education such as ‘flexible delivery’ 
and ‘distributed learning’ and the implications of the technological approach to 
distance education to global competition in higher education and to continuous 
professional development are also discussed.  
 
Chapter 8 provides an account of the candidate’s work in developing and assessing 
the use of various technologies in overcoming the special problems in delivering 
concepts and developing suitable professional attributes through distance based 
engineering courses.  
 
Chapter 9 presents as a separate collective case study into an appropriate taught 
knowledge base for engineers in a major Australian industry sector. A 
comprehensive industry evaluation of the relevance of the Australian mechanical 
engineers taught knowledge base - so significantly influenced by the US and Britain 
- is outside the scope of this project. However an extensive Food Industry case study 
into appropriate engineering course content for food engineering studies is developed 
in this chapter to enable an assessment of the content suitability of current 
engineering courses to that industry.  
 
Chapter 10 summarises and discusses the findings of the thesis by drawing the work 
of the previous chapters together. By considering the results of the mechanical 
engineering attributes case study presented in Chapter 6 together with the teaching 
strategies discussed in Chapter 5 and distance education issues presented in Chapters 
7 and 8, it proposes suitable teaching strategies to develop the desired attributes. 
Implications from the outcome of the food industry study are also discussed.     
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Chapter 11 presents the conclusions of this thesis including the recommended 
teaching strategies to develop the appropriate attributes for mechanical engineers 
determined from this research.  
1.4 Publications related to this thesis 
An extended journal article summarising chapters 2 and 3 has been published by the 
European Journal of Engineering Education (Ferguson 2006) and a briefer 
internationally focused version has been published as a conference paper (Ferguson 
and Lloyd 2004). Chapters 4, 5 and 7 have been published in an abridged form as 
book chapters (Ferguson 2001a, 2001b, 2001c), a brief summary of these book 
chapters with further development was presented as a conference paper (Ferguson 
2001d).and chapter 5 also makes reference to a number of papers for which the 
candidate has been either main author or co-author.  Much of the work described in 
Chapter 8 Distance Education Research and Professional Practice has been supported 
by Federal government or Deakin University grants and published in various 
conference papers and journal articles. Some have achieved recognition through 
local and national newspapers, a national professional engineering education 
newsletter, and an international higher education newspaper.   
 
1.4.1 Related peer reviewed journal and technical paper 
publications by the candidate 
1. Ferguson, C. (1998) The continuous professional development of engineers and 
flexible learning strategies International Journal of Lifelong Education, Vol. 17, 
No 3. pp.173-183 Taylor and Francis, Ltd. London. 
 
2. Ferguson, C (2006) Defining the Australian Mechanical Engineer European 
Journal of Engineering Education. Vol.31, No.4, August 2006, pp.471 - 485 
Taylor and Francis Ltd. London. 
 
3. Hall. W., Palmer, S., Ferguson. C. and Jones, T. (2006) Delivery and assessment 
strategies to improve on- and off-campus student performance in structural 
mechanics, accepted by the International Journal of Mechanical Engineering 
Education Manchester University Press, Manchester, England. 
 
4. Wong, K.K. and Ferguson, C. (1996b) A Flexible Model of Delivering Degree 
Courses in Manufacturing Engineering Technical Paper ER96-163 Society of 
Manufacturing Engineers, Michigan, USA. 
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1.4.2.1 Related book chapters by the candidate 
1. Ferguson, C. (2001a) ‘Competencies and Attributes’ in Engineering the future - 
Preparing Professional Engineers for the 21st Century Lloyd, B.E. Ferguson, C. 
Palmer, S. and Rice, M.R. APESMA in Association with Histec Publications, 
Melbourne, Australia. 
 
2. Ferguson, C. (2001b) ‘Teaching Strategies to Develop Professional Attributes’ in 
Engineering the future - Preparing Professional Engineers for the 21st Century 
Lloyd, B.E. Ferguson, C. Palmer, S. and Rice, M.R. APESMA in Association 
with Histec Publications, Melbourne, Australia. 
 
3. Ferguson, C. (2001c) ‘Education at a Distance’ in Engineering the future - 
Preparing Professional Engineers for the 21st Century Lloyd, B.E. Ferguson, C. 
Palmer, S. and Rice, M.R. APESMA in Association with Histec Publications, 
Melbourne, Australia. 
 
 
1.4.3  Related peer reviewed conference papers by the 
candidate 
1. Ferguson, C. (1997) Remote Access to Computer-Controlled Manufacturing 
Facilities for Engineering Students Proceedings of the International Symposium 
on Manufacturing Systems, World Manufacturing Congress, Auckland, New 
Zealand, ICSC Academic Press Canada/Switzerland. ISBN 3-906454-08-8 
 
2. Ferguson, C (2001d) Developing Professional Engineering Attributes 26th 
International Conference on Improving University Teaching, Johannesburg, 
South Africa, pp.115-120.  
   
3. Ferguson, C.  (2006) Case Study Research into Australian Mechanical Engineer 
Attributes EE2006 the International Conference on Innovation, Good Practice 
and Research in Engineering Education. Liverpool, U.K.   
 
4. Ferguson, C. and Florance, J. (1999) Internet access to a flexible manufacturing 
cell Proceedings of the International Symposium on Manufacturing Systems, 
World Manufacturing Congress, Durham, UK, ICSC Academic Press 
Canada/Switzerland, ISBN 3-906454-19-3. 
 
5. Ferguson, C. and Lloyd, B.E. (2004) A Euro-American-Australian Study of the 
Mechanical Engineering Profession as a Foundation for the Study of Mechanical 
Engineering Attributes EE04: International Conference on Innovation, Good 
Practice and Research in Engineering Education Vol. 3. pp.147-52, 
Wolverhampton, UK, ISBN 0-9542116-5-0 
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6. Ferguson, C. and Mandal, P. (1994) Developing open-Campus Engineering 
Management Programs for Non-Traditional Engineering Courses.  The Third 
Annual Engineering Management Educators’ Conference. Queensland, pp.131-
137 
 
7. Ferguson, C. and Wong, K.K. (1995a) Issues in using computer-aided learning 
programs to enhance engineering teaching - a case study International Congress 
of Engineering Deans and industry Leaders Melbourne, pp.198-203. 
 
8. Ferguson, C. and Wong, K.K. (1995b) The use of modern educational 
technologies in the flexible delivery of engineering degree programs. 7th Annual 
Conference of the Australasia Association for Engineering Education 
Melbourne, pp.261-265. 
 
9. Ferguson, C. and Wong, K.K. (1996) Effective strategies and technologies for 
continuous education within the engineering profession 21st International 
Conference on Improving University Teaching Nottingham, England, pp. 469-
480. 
 
10. Hall, W., Ferguson, C., Jones, T. and Palmer, S. (2005) Improving On- and Off-
Campus Students performance in Structural Mechanics. 4th ASEE/AaeE Global 
Colloquium on Engineering Education Sydney, Australia.  
 
11. Wong, K.K. and Ferguson, C. (1996a) A Flexible Model of Delivering Degree 
Courses in Manufacturing Engineering Manufacturing Education for the 21st 
Century Volume III Preparing World Class Manufacturing Professionals Society 
of Manufacturing Engineers, Michigan, USA. 
 
12. Wong, K.K., Ferguson, C., Florance, J, Baliga, B. and Jones, T. (1999) Flexible 
Delivery of Practical Learning Experience through the Internet: The Remotely 
Operated CNC Machine Teaching Project. Open, Flexible and Distance 
learning: Challenges of the new Millennium - Collected papers from the 14th 
Biennial Forum of the Open and Distance Learning Association of Australia.    
 
 
 
 
1.4.1 News reports of the candidate’s work 
1. Thorp, D. (1999) ‘Engineering offers remote access’ The Australian Higher 
Education Supplement, Sydney Wednesday June 2, 1999. p.36 
 
2. Oliver, K. ‘Deakin equipment home-use sparks interest’ Geelong Advertiser 
Tuesday May 25, 1999. 
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3. Campus Review (26 May – 1 June, 1999) ‘Distance engineers take a step closer 
with online equipment operation’  
 
4. Australasian Association for Engineering Education Newsletter (September 
1999) ‘Internet access to computer-controlled machine tools - the GlobalMT 
project’. 
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2 - Mechanical Engineering: The Birth of the 
Profession 
—————————————————————————– 
2.1 Introduction 
An historical context is essential for a valid definition of the modern attributes 
required of mechanical engineers. 
 
The professional development and education of mechanical engineers in Australia 
has been influenced by many countries but none more so than Britain and the USA 
(Lloyd 2001a). However in the UK Gerstl and Hutton (1966, p.13) suggested that 
little was known of the (mechanical) engineer’s career after his/her education and 
training has been completed and that there was much confusion about engineering 
education which developed haphazardly based ‘largely on tradition, politics and 
prejudices’. More recently in the US, Shea, West and Douglas (1996) - discussing 
manufacturing engineering - also suggest that there may not be a close match 
between the engineering curriculum and the ‘skill set’ required for eventual 
employment. 
  
Further, whilst these authors (Gerstl and Hutton 1966; Shea, West and Douglas 
1996) seriously question the suitability of engineering education for subsequent 
professional employment in the UK and US, there are also significant differences 
between the professional and industrial environments for mechanical engineers in 
Australia and those of the UK and US.  
 
There have been numerous surveys in various countries towards determining the 
relative significance of a small number of key attributes to best equip students for a 
still largely undefined career in the broad profession of engineering. To provide 
greater focus, this doctoral program studies the significance of a broad range of 
specialist attributes needed in major defined professional mechanical engineering 
career roles in Australia and strategies to develop those attributes proximally and 
through distance education.  
Chapter Two Mechanical Engineering: The Birth of the Profession   16   
Just as a prototypical engineer derives ‘primary stimulus from studying and 
observing earlier engineering designs and recognising their faults’ (Billington 1996, 
p.53), this study begins with an examination of the developments that have led to the 
existing system of mechanical engineering education and their correlation with the 
multitude of events and factors that have shaped our profession.  
 
This chapter reflects on the historical development of the profession in Britain, the 
USA and Australia and how the education, preparation and regulation of mechanical 
engineers began to evolve in these countries. Chapter 3 describes the subsequent 
developments in the industrial, organisational, economic, political, societal and 
educational environments that impact on the profession and the changing skill and 
attribute requirements for effective engineering professional practice in these three 
countries. Later chapters will present developments in: 
• the attribute approach to the formation of professional engineers,  
• teaching strategies to develop professional attributes and, 
• distance education technologies to implement these teaching strategies. 
2.2 The Beginnings 
The use of the wheel, lever and pulley - basic mechanical devices - predates written 
history (Pullin 1997, p.8). The earliest civilisations harnessed the powers of water 
and wind and made tools of minerals and later metals. The ability of ancient 
civilisations to create artefacts and tools to increase their capabilities has been used 
as a primary measure of their level of civilisation.  
 
Many basic scientific and mathematical principles of mechanical engineering were 
derived in the Greek and Roman periods (600 BC - AD 400). The discoveries, 
inventions and theories of Hero, Archimedes, Pythagoras, and Euclid are now well 
known and include hydrostatics, mechanics and fundamental mechanical devices 
such as the wheel and axle, the wedge, the screw, and the first steam (reaction) 
turbine (Burstall 1965, pp.66-7). Through the period circa AD 400 to circa AD 1100, 
the ‘Dark Ages’ in the West, many of these discoveries and theories were forgotten, 
but development continued in the East and eventually filtered through to the West. 
Significant amongst these were the Indian system of numbers (learned from the 
Arabs - the so-called Arabic system), paper and gunpowder. Throughout the Dark 
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Ages public work was neglected but craft skills were maintained and developed by 
the requirements of the nobility and the rapidly expanding Christian church. The rich 
and flourishing Monastic orders kept many engineering crafts alive and improved 
many processes. They introduced waterpower for flour mills, made cloth and 
produced wool. Lewis Mumford (cited Burstall 1965, p.112) also claims the ordered 
daily lives of the church and monastery led eventually to the development of the 
mechanical clock. 
 
Developments following the Dark Ages brought the printed book (including the 
inventions of the printing press and movable type), universities, cast iron, intricate 
mechanisms such as locks, basic hand tools, and basic machine tools driven by foot 
treadles or water.   
 
The next major scientific period was during the Renaissance period of the 15th and 
16th centuries in which the foundations of many modern sciences including 
mechanics, dynamics and mathematics were developed. From the Italian Renaissance 
came a great legacy of mechanical sketches demonstrating a keen interest in linkages 
and mechanisms at that time. The most remarkable man of this period was ‘that great 
giant of mechanical engineering - Leonardo da Vinci’ (Burstall 1965, p.114). 
Mechanical inventions attributed to him include the centrifugal pump, bobbin, 
spindle and flyer for reeling yarn, breech loading cannon, rifled fire-arms, anti-
friction roller bearings, universal joints, bevel gears, spiral gears, rope and belt 
drives, the submarine and the parachute. However most of these were not made in his 
lifetime. More immediately significant to mechanical engineering were his studies 
and experimental observations in mechanics, statics, dynamics, and hydraulics 
(ibid.).  
 
The West moved ahead of the East in the period AD1500 to 1650 largely due to the 
reorganisation of its schools around the printed book. The Confucian scholars in 
China and the Islamic clergy, for different reasons, refused to utilise the printed book 
in their schools and this was significant in their relative decline (Drucker 1993, 
p.195).  
 
The sixteenth and seventeenth century are also said to mark the birth of engineering 
science. In the sixteenth century German miners established much of our current 
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everyday mechanical engineering (Agricola cited in Semler 1966, p.v) and in Britain 
this period included the work of Sir Isaac Newton, John Napier, Robert Boyle, and 
Robert Hooke. The Royal Society (whose members included Newton, Boyle and 
Hooke) was formed in 1660 by King Charles II to further scientific enquiry and 
knowledge. At the same time there was much preoccupation with devices that 
pumped water and in 1712 this culminated in the Newcomen engine - a steam driven 
self-acting pump. (It was very inefficient and was only used in coal mines where coal 
was cheaply available.)  
 
As a distinct professional discipline, mechanical engineering is perhaps only a little 
over two centuries old. Pullin, (1997, p.9) considers mechanical engineering, as a 
separate discipline of engineering, to be dated only from the time of James Watt, one 
of the first of the famous engineers to devote his career exclusively to the 
development of machinery - the steam engine. Watt has been described as the 
‘greatest engineering inventor of the Industrial Revolution’ (Billington 1996, p.21).  
Watt’s developments of Newcomen’s steam engine led to an abundant availability of 
significantly more affordable and flexible generated power that could be applied to a 
range of uses. This had momentous significance in the development of an 
engineering discipline mainly concerned with machines that use or transmit power. It 
led to the general mechanisation of industry identified with the Industrial Revolution 
founded in Northern England in the early to mid 18th century.  
2.3 The Industrial Revolution 
The Industrial Revolution transformed Britain from a mainly agrarian economy to an 
industrial one and marked the point when ‘mechanical engineering in the modern 
sense came of age’ (Semler 1966, p.v).   
 
In the Italian Renaissance, most did not translate their imaginative sketches into 
machinery (ibid.) as they lacked the financial backing of ‘worldly’ partners 
(Thompson 1976, p.22). However by the early 18th century in England, the wealth 
generated from the expanding British Empire and rapid growth in overseas trade 
since the middle of the 17th century meant that money was increasingly available for 
capital investment, and interest rates were falling. Thus capitalism provided the 
essential stimulus for the industrial growth that provided a ready market for 
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machinery that could develop or enhance profits. Rapid growth in overseas trade was 
also responsible for what Drucker (1993, p.19) describes as the unprecedented speed 
of diffusion of technology and capitalism ‘across cultures, classes and geography’.  
 
Britain had numerous other advantages that enabled her to take the lead in the 
Industrial Revolution. The British Empire enabled privileged access to a wide range 
of raw materials often ‘competitively’ priced through the use of exploited third world 
labour or slavery, and a growing base of captive markets for manufactured products, 
plant and machinery. The Great French War (1793-1815) demanded mass 
mobilisation and huge orders for equipment providing (as with all major wars) an 
immense stimulus and catalyst for technological advances (Thompson 1976, p.32). 
As an island, Britain’s naval supremacy enabled her to remain free of invasion, so 
unlike the countries of continental Europe, her factories and farms could work 
without fear of destruction by invading forces. Her naval supremacy also drove 
French and other enemy merchant vessels from the seas and safeguarded British 
merchant shipping. Britain emerged from this war more powerful than at any 
previous time in her history (Hill 1977, p.61). 
 
Further factors at that time included a well developed transport system through road 
and canal systems, the act of Union with Scotland in 1707 which enabled many 
talented Scotsmen (including Telford and Watt) to play leading roles in Britain’s 
economic history. There was also by this time an establishing knowledge base in 
mechanical engineering science, although its influence in England on many of the 
engineering developments of the time was less than it should have been (see below). 
 
Between 1750 and 1800 the shift in use of patents from the provision of monopolies 
to enrich royal favourites, to the current system used to reward invention also played 
a major part in stimulating an era of mechanical invention, and the requirement for 
publication of inventions ended centuries of craft secretiveness (Drucker 1993 p.28). 
The evolving craft skills and technology to develop the new machinery were critical 
to the Industrial Revolution. Britain’s long established tradition for fine 
craftsmanship and the emerging significant developments in precision machine tools 
would provide new standards of accuracy on which many of the new machines and 
engines depended.  
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Watt’s development of the steam engine provides an excellent example of this. His 
first attempt would not work because of the poor accuracy of the parts. His financial 
partner went bankrupt and Watt fell into debt. Watt’s later partnership with Matthew 
Boulton, a small metal goods manufacturer, successfully rebuilt the trial engine - the 
world’s first really effective steam engine - with more accurate parts. This was 
largely due to the use of John Wilkinson’s newly devised cannon lathe, which was 
able to bore the cylinder to the necessary accuracy (Hill 1977, pp.31-2).  
 
Boulton created a special laboratory for Watt to allow him to continue inventing. 
This effectively was a pioneering research and development facility typical in 
progressive 20th century industry. They formed an ideal innovative partnership with 
Watt the scientist continuing to make significant new inventions in his drive to create 
more efficient engines, and Boulton providing pressure for him to develop these into 
working commercially viable machines (Billington 1996, pp. 26-29). As Billington 
asserts, ‘it is not too far off to state that  Boulton made a mechanical engineer out of 
Watt, the would-be scientific researcher’ (ibid., p.29)  
 
Britain’s largest industry at the start of the Industrial Revolution was the woollen 
industry. To protect this industry from cotton imports, the government banned 
imports of printed cotton goods. The effect of this was to stimulate growth in the 
small English cotton manufacturing industry. The cotton industry is recognised as 
being the first to adopt a factory system although this was initially confined to 
spinning. Before the advent of steam power the mills were water powered, but due to 
Watt’s development, the steam engine became the paramount machine of the 
industrial age.  
 
By 1835 a large proportion of Watt’s engines were serving the textile industry which 
had already become one of the major UK exports. The cotton industry soon overtook 
the long established wealthy and conservative woollen industry in exports through its 
enthusiasm to adopt new methods. The other early industries to make substantial use 
of steam power were mining and brewing.  
The high stresses imposed by steam power demanded the replacement of the 
common materials used in machinery from wood and stone to iron. The technology 
of iron making had advanced rapidly since 1709 when Abraham Darby in 
Coalbrookdale near Shrewsbury first successfully smelted iron ore using coke, rather 
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than charcoal (Hill 1977, pp.18-30). Iron became widely used as a basic material and 
was yet another of the remarkable series of events that created the Industrial 
Revolution. The significance of the development of machine tools has already been 
illustrated, and this period brought not only developments to the lathe but also the 
inventions of the milling machine, shaper and metal planer and special purpose 
machine tools.  
 
In the early 19th century there was a dramatic extension of engineering into new 
areas of industry with a rapid series of inventions and incremental innovations. The 
power/weight ratio of the steam engine was vastly improved and Trevithick’s 
development of a direct-action steam engine provided the potential for self-
propelling locomotion and the application to transport - principally to the railways 
and increasingly to ships6.  
 
Two demographic factors were also significant in Britain’s industrial development. 
The earlier agricultural enclosure laws had the effect of driving many of the poorer 
farmers off their land to find work in the factories. Then an almost tripling in 
population from 1780 (8.9 million) to 1871 (26 million) substantially swelled both 
the industrial labour market and the domestic market for manufactured goods. In the 
1840s and 1850s Prince Albert is said to have increased Queen Victoria’s interest in 
the problems of industrialisation - ‘the appalling housing and factory conditions and 
the exploitation of labour, particularly of women and children’ (Marlow 1977, p.142) 
but without notable consequence. 
 
In 1851 the Great Exhibition in London - with working exhibits of steam engines, 
pumps, textile machinery, machine tools and a multitude of products from British 
industry - demonstrated that Britain still had the lead in industrial development. She 
laid claim to the title ‘the ‘workshop of the world’ and was virtually unchallenged in 
industrial supremacy, producing 40% of the world’s manufacturing output (Jones 
1995 p.12).  
 
                                                 
6 Trevithick’s initial experiments in 1801 were with ‘road locomotion’ - a steam powered automobile! 
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At this time textiles (cotton and wool) made up 60% of exports. But while the value 
of textile exports continued to increase, other exports were also growing rapidly. 
Coal, machinery (prohibited from export until 1843), iron and later steel, were the 
most significant (in 1856 Bessemer developed the first process to manufacture steel 
inexpensively). However pottery, tin-plate, copper and brass goods also became 
important exports. In addition, by 1875 it is estimated that one billion pounds sterling 
(contemporaneous value) had been invested overseas involving British engineers in 
large overseas projects particularly in the construction of railways and public works 
of various kinds. Much of this overseas investment came back to Britain for the 
purchase of plant and equipment. In spite of heavy competition from the US, the 
developments in steam power and iron maintained Britain’s lead in shipbuilding. She 
also dominated international marine goods transportation.  
 
Barry Jones (1995, p12) suggests that there were three Industrial Revolutions: the 
first, the main Industrial Revolution, being the ‘Steam’ Industrial Revolution just 
discussed. By this time the 2nd Industrial Revolution: the ‘Electric’ Revolution 
(1860-1910) was established. This was distinguished by the use of oil and electricity 
as the energy source for industry and transport, huge production increases in steel 
and chemicals, the first plastics, electrification of cities, telephone, telegraph, radio, 
motor cars and aeroplanes. The predominant mode of invention in this period 
differed from that of the preceding and following periods in that it was mainly by 
professionals working in related areas and often ‘need’ responded to invention i.e. 
the existence of the invention created demand where there was little prior demand 
(ibid.).    
 
Due to rapid developments in the US and Germany, the UK played a reduced role in 
the 2nd Industrial Revolution and by the close of the 19th century the UK had lost her 
industrial lead to those countries (ibid. p.12) (Hill 1977, p.116) (Marlow, 1977, 
p.149) and her share of world manufacturing output had fallen to 20% (Jones 1995, 
p12). 
2.4 The Origins of the Profession 
The origin of the word ‘engineer’ came from Tertullian the Roman historian in 
200AD, towards the end of the Roman Empire. Tertullian was so impressed with the 
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siege machines of the period he said they were works of ‘genius’ (in Latin ingenium) 
(Thompson 1976, p.12). Since then the term was used to denote men within the 
military who built machines of war. John Smeaton is claimed to be the first non-
military person to style himself as an ‘engineer’ while working on a canal in 
Staffordshire, England in 1761 (Pullin 1997, p15). As other civilians adopted this 
title, it led to the term ‘civil engineer’ to differentiate them from those employed 
within the military. At that time it encompassed all areas of engineering.  
 
The Institution of Civil Engineers (ICE) was formed on January 2, 1818 by a group 
of eight engineers who were part of a group of young London-based engineers who 
met regularly to discuss engineering matters7. It was originally to be a society for 
engineers up to 35 years of age. However the Institution’s membership had only 
grown to twelve within the first two years so they invited Thomas Telford - who had 
previously been unaware of its existence - to become the first president. They also 
scrapped the age limit.  
 
Within weeks Telford had defined the purpose of the Institution, gave it a huge 
collection of books and other documents, and transformed it into the basis of a 
modern professional institution. It was granted a Royal Charter in 1828 and its 
charter contained the classic definition of the Institution: 
A society for the general advancement of Mechanical Science and more particularly for 
promoting the acquisition of that species of knowledge which constitutes the profession of a 
Civil Engineer, being the art of directing the Great Sources of Power in Nature for the use 
and convenience of man. 
 
The charter continued by listing every type of engineering known in 1828. It was 
intended to be an all-encompassing engineering institution. Many, perhaps most, of 
the great 18th and early 19th century British engineers were problem solvers, 
innovators and designers crossing the disciplines we now call civil and mechanical 
engineering. Thomas Telford (1757- 1834) himself was a good example in that he 
used materials ranging from stone to iron and his area of expertise ranged from steam 
                                                 
7 The Society of Civil Engineers was formed as a dining club in 1771 as a precursor to the Institution 
of Civil Engineers (Rice 2001a p.155) (Petroski 2002). It was founded by John Smeaton whose main 
achievements - atmospheric pumping engines for mines, improved diving bell, introducing cast iron 
shafts and gears into wind and water mills - were mechanical. 
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engines and pumps to bridges, roads and canals (Pullin 1997, p.15.). Isambard 
Kingdom Brunel (1806-1859) was a significant later example. His work included the 
Thames Tunnel (with his father Marc Brunel), the Clifton Suspension Bridge over 
the River Avon at Bristol, the modernisation of Bristol harbour, the Great Western 
Railway from London to Bristol, and finally three famous steam ships, the Great 
Western, the Great Britain and the Great Eastern (Thompson 1976, pp. 62-66). 
 
Towards the end of the 18th century the industrial revolution gave rise to a demand 
for an increasing range of skills within engineering leading to a fragmentation of the 
single discipline of engineering. The term ‘civil engineer’ was becoming restricted to 
those concerned primarily with static constructions such as roads, harbours, tunnels, 
and masonry structures. Engineers involved with moving machinery and 
manufacturing started using the title ‘mechanical engineer’ (Parsons 1947, p2).  
2.4.1 The Institution of Mechanical Engineers 
As a distinct profession, mechanical engineering was born on the evening of January 
27, 1847 in Birmingham, when George Stephenson ‘the father of the railways’8 
became the first president of the Institution of Mechanical Engineers (IMechE) 
(Pullin, 1997, p.7). Although the ICE was intended as an institution for all (non-
military) engineers, it had only been partially successful in attracting engineers from 
railway construction and operation and did not appear to cater for those in 
manufacturing. Both sectors were under considerable growth and of considerable 
significance to the Industrial Revolution. Rolt (1963 p.77) provides an explanation 
for the lack of success in attracting engineers from the rail industry: members of the 
ICE ‘were predominantly canal and road engineers whose clients expected them to 
back their opposition to railways as expert witnesses’. There was an impression that 
the ICE was more committed to the ‘project-based branches of engineering’ rather 
than to engineers in manufacturing. The ICE was also seen as London focused as 
‘resident’ members based in London had always held the senior roles in the 
institution and the weekly meetings were based there.  
 
                                                 
8 Greaves and Carpenter (1969 p.133) argue that ‘this (the title ‘father of the railways’) undoubtedly 
belongs to Trevithick’. 
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The Midlands and North of England which were becoming established as the 
industrial centres of England had strong representation in the new IMechE, which 
initially set up in Birmingham with a membership from all over Britain and Ireland 
and even one member from France. Many were also members of the ICE. 
Membership was open to mechanics and engineers, aged over twenty-one years, who 
were ‘managing heads of establishments where engines or machinery were made or 
employed’ (Pullin 1997, p.7). This was interpreted liberally, particularly for those 
who called themselves engineers rather than mechanics, and a number of eminent 
engineers who did not meet this criterion were admitted. But note the focus on 
occupational status (and age) as the only criteria for membership. 
2.5 The Early Professional Development of 
Mechanical Engineers in Britain 
The great 18th and early 19th century British engineers characteristically carried out 
works of unprecedented scale pragmatically within appropriate fiscal constraints and 
in doing so demonstrated great organisational and entrepreneurial skills. They were 
public figures yet unlike their continental European counterparts many had little or 
no formal education, and many did not fully understand the principles of the 
machines they constructed (ibid. p.14) (Burstall 1963, p.201). Their expertise was to 
provide practical engineering solutions to recognised needs. Engineering innovation 
during the period of the industrial revolution was widespread and as much about 
continuous improvement and the adoption and development of ideas across various 
industries, as about single great inventions (Pullin 1997, p12). Pullin suggests that 
the ‘British engineering tradition of development through experimentation’ played a 
major part in this success.  
 
Certainly the great advances in the experimental focus of the scientific method had 
originated in England. It was Roger Bacon in the 13th century who first proposed the 
need for controlled experiments in his work Opus Majus, and another Englishman, 
Sir Francis Bacon, who fundamentally advanced the scientific method through his 
work Novum Organum in 1620. This provided the base for the subsequent 
development of empiricism (‘induction from sensory experience’) by John Locke 
‘the founder of British empiricism’ (Nonaka and Tackeuchi, 1995 p24), who gave 
systematic expression to empiricism in his 1690 Essay Concerning Human 
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Understanding. The works of Sir Francis Bacon and John Locke successfully 
influenced the acceptance of accurate observation and experimentation in science. In 
contrast the prevailing approach to epistemology in continental Europe was 
rationalism (‘deduction from mental constructs’). Mathematics is a classic example 
of this approach (Nonaka and Takeuchi 1995, pp.21-22). 
 
But Britain’s industrial lead eroded in the second half of the 19th century. Jones 
(1995) suggests this was largely due to a sudden switch in government economic 
policy from a long period of ‘large government’ economic policy (i.e. large spending 
on infrastructure, facilities and services) to ‘small government’ economics at a time 
when her competitors (US and Germany) were increasing infrastructure spending. 
However Pullin (1997, p.14) states ‘some historians argue that the lack of scientific 
foundation in British engineering may have been a factor’. Engineering Heritage: 
Highlights from the History of Mechanical Engineering (1963, Vol.1, p.1) supports 
this viewpoint. It argues that most engineering achievements up to around the 1860s 
showed a lack of theoretical foundation and there was little evidence that these early 
engineers were conscious of the scientific discoveries of Newton, Hooke, Boyle and 
others. ‘For a century or more they got on very nicely without much theoretical 
framework and when science began to catch up with engineering, they - or their 
successors - were slow to realise that times had changed; that further progress had to 
be based on physics and chemistry’ (ibid.). The process of invention was described 
by Jones (1995, p.12) as mainly ‘amateurs’ (sic) responding to deficiencies in 
existing industries. 
 
Burstall (1965, p.202) cites Sir William Fairbairn’s report of the Paris Exhibition of 
1855: 
The French and Germans are in advance of us in theoretical knowledge of the principles of 
the higher branches of industrial art9; and I think this arises from the greater facilities 
afforded by the institutions of those countries for instruction in chemical and mechanical 
science………we have perseveringly advanced the quantity, while other nations…….have 
been studying with much more care than ourselves…..and are in advance of us in quality. 
 
The blame can be laid squarely on the total inadequacy of the prevailing system of 
education in England. Most English (and Welsh) children of the 18th century either 
                                                 
9 ‘Industrial art’ was at that time sometimes used as an alternative term for ‘mechanical engineering’. 
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did not go to school at all or at best went for a very short time. Scottish children were 
better off as parish schools existed over most of Scotland since mid 17th century (Hill 
1977, pp.201-2). In England in the early part of the 18th century, children of the poor 
who received any education received it from Charity Schools which gave elementary 
instruction in reading, writing and arithmetic. Children of the wealthy middle classes 
often went to the Grammar Schools which provided slightly less elementary 
education but had an overly narrow focus on the classics and did not meet the needs 
of the industrial age. Both types of school fell into decline in the second half of the 
18th century. The sons of the nobility either had private tutors at home or were sent to 
board at the very small group of elite ‘Public Schools’. The English government 
made no grant of public money to education until 1833, and had no universal system 
of elementary education until 1870. In 1880 compulsory education to the age of 10 
was introduced but it was not until 1891 that this elementary education became free 
(ibid. p.208). 
2.5.1 British (and Continental European) Higher Education 
The English university system (on which the universities of the Australian colonies 
were based) only recognised engineering as a subject fit for study in the mid 19th 
century. Prior to 1828 there were only the universities of Oxford and Cambridge and 
they drew their entrants primarily from the prestigious Public Schools attended by 
children of the nobility and the wealthier upper and upper-middle classes. Hill (1977, 
p.203) paints an appalling picture of the educational standards of these two 
universities in the period to 1800. Oxford professors rarely lectured, its 
‘examinations both for entrance and degrees were farcical’ and ‘Cambridge was a 
little less bad’. Hill indicates that it was close to 1900 before they became healthy 
and efficient, and 1930 before the enrolment of non Public School educated students 
approached 25% (ibid. p.210).  
 
In contrast Scotland’s three universities and two colleges were notably progressive 
and more democratic than the English. The parish school system provided 
opportunities for all. Most Scottish university students came from the working class 
and were determined to make the most of their education. The universities thrived 
particularly in medicine and science and attracted many able students from England 
and elsewhere. Billington (1996, p.22) describes Scotland at that time as ‘the 
intellectual centre of Great Britain’. 
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Scottish universities started teaching mechanical science as part of ‘natural 
philosophy’ (physics) in the mid 18th century. Many of the leading engineers, 
inventors and industrialists who contributed significantly to Britain’s early lead in 
the industrial revolution were products of this more ‘liberal’ Scottish education 
tradition. The oldest engineering college in Britain was Anderson’s College, 
Glasgow founded in 1797 for artisans (now the University of Strathclyde). However 
even in the liberal Scottish education system, engineering as a full course of study in 
a university came much later.  
 
The University of Glasgow had the first chair of engineering in Britain with the 
creation of a Regius professor of civil engineering and mechanics in 1840 
(Department of Civil Engineering: General Information about the Department,  n.d.) 
(Semler 1966, p.35) (Burstall 1995, p.202). Note that this was before the formation 
of the IMechE and so ‘civil engineering’ simply meant non-military engineering. The 
establishment of this chair had been opposed not only because the system of Royal 
patronage was under fire, but also because engineering ‘was not a scholarly pursuit’.  
 
Under the chair of Professor Lewis Gordon, engineering was attached to the Faculty 
of Arts where it was classed as ‘supplementary studies’. When the chair fell vacant 
in 1855 following the death of Professor Gordon, a motion was put in senate to 
devote the endowment to ‘Higher branches of University Education’ because the 
number of students studying civil engineering had been small. There was also 
opposition to university studies in engineering from some engineers, who considered 
that proficiency in engineering could only be achieved by practical apprenticeship 
(see below). However, Rankine (of thermodynamics fame), who had just joined the 
university as Gordon’s deputy, was made the second professor of engineering. 
 
Eventually Professor Rankine got Senate approval for a course leading to a 
Certificate of Proficiency in Engineering Science (first awarded in 1863) and 
established the degree of Bachelor of Science in 1872 (Allcut 1966, p.35). Burstall 
(1963, p. 286) attributes ‘new standards in mental discipline for students of 
mechanical engineering’ to the textbooks on heat engines and applied mechanics by 
Professor Rankine.  
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Burstall (ibid. p.202) dates the first chair in civil engineering in England to the 1840s 
at University College London, and this is confirmed with no greater chronological 
precision by the University College London’s web site (A Brief History of UCL, 
n.d.)10. In 1847, the year the IMechE was formed, the University College London 
also appointed its first chair in mechanical engineering (Highlights from the 
Department’s 150 Year Old History, n.d.) (Pullin 1997, p.14).  Regional colleges, 
which were to become major regional universities - Manchester, Liverpool, Leeds, 
Birmingham, Sheffield, Newcastle, Nottingham, Bristol, Wales, and Belfast - were 
all established with engineering courses, and eventually in 1875 an engineering 
department was established at the University of Cambridge (Burstall 1963, p. 286).  
 
However it is now apparent that for social and political reasons, departments of 
engineering within the British university system did not grow as rapidly as they 
should have done (Gerstl and Hutton 1966, p.7). Classics and arts were the 
traditional university studies in England and in the conservative atmosphere of the 
universities were considered ‘higher forms of academic life’ than science, the 
newcomer. Engineering, the latecomer, was considered, particularly by those at 
Oxford, as hardly a fit subject for university study (ibid. p.12).  
 
Drucker (1993, p.26-7) provides interesting background to this. He describes a 
radical change in the meaning of knowledge that took place in the West around 1700 
from a core of learning akin to ‘liberal education’ as we understand it today, towards 
‘utility’ (i.e. vocationally related skills and knowledge). Although contempt for 
‘skill’ was significant in the East through the Confucian, Taoist and Zen beliefs, in 
the West this contempt was unknown until the English gentlemen of the 18th Century 
adopted it as ‘a last ditch’ defence against being replaced as society’s ruling class by 
capitalists and technologists (ibid.). Although contempt for vocationally related 
education diminished over the centuries, even as recently as the 1970s there was 
ample evidence of the prevalence of this attitude in some sections of British 
academia and public life.  
                                                 
10 Although both Burstall and Pullin draw the same conclusion relating to the late adoption of 
engineering in England compared to Scotland, their dates do not agree. Pullin (1997, p14) claims that 
the first professor of engineering in an English university was appointed in the late 1820’s and 
Petroski (2002) attributes the University College of London with the first British course in 
‘mechanical philosophy’ in 1826. However Burstall’s dates agree with information provided on the 
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At the start of the 19th century the traditional university system in Central Europe 
went through a major reformation. Fallon (1980 p.5) describes most of the 
universities of German speaking Europe at the end of the 18th century as ‘sites of rote 
disputation inhabited largely by pedants’. They taught ‘usually by reading aloud 
from old texts’ (ibid. p.6). They were held in low regard and between 1792 and 1818 
most ceased to exist. This changed when Wilhelm von Humboldt, Privy Councillor 
for Culture and Public Instruction (1809-1810) in the Prussian Interior Ministry 
developed a comprehensive system of public state-controlled education from 
elementary through to university level. He created the University of Berlin as a 
widely admired new university model based on three principles:  
1. The unity of research and teaching. 
2. Protection of academic freedom; the freedom to learn (for students to 
pursue any curriculum) and the freedom to teach (the right to free inquiry). 
3. The central importance of the Arts and Sciences11 which led to and gave 
significance to the concept of pure research in universities.  
(Fallon, 1980 pp.28-29) 
 
He persuaded some of the most respected German scholars to accept appointment to 
the professorial positions in the university and instigated a strong relationship 
between secondary schools and the university that included university entrance 
exams on graduation from secondary school, and mandatory state (university) 
certification of secondary teachers. He also upheld that the state had a natural 
responsibility to fund universities and their research (ibid. pp.17-24). Drucker (1993, 
p.2) describes this as the birth of the modern university. Higher education institutions 
throughout central Europe soon followed the ‘German university’ model and for 
reasons discussed later, Humboldt’s model also had the most profound influence on 
American higher education - particularly the graduate school - and later stimulated 
university development in Great Britain (Fallon 1980, p.3). 
 
387387 
home pages of the universities he mentions and which make appropriate claims to being first to 
appoint professors of engineering.  
11 The practice in Europe previously was that all students had to study arts and sciences before 
studying in the ‘higher faculties’ such as theology, law, or medicine. Thus the arts and sciences had 
lower status. 
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The first engineering courses in continental Europe were established almost a 
century earlier than those in the UK and most were in new separate technical 
universities under state or royal patronage. Amongst the earliest were St. Petersburg, 
Prague and Berlin. In France the École des Ponts et Chausées was established in 
1747 to train civil engineers for government service. Others quickly followed setting 
high standards in mathematics and engineering science. However it was the 
instruction in engineering science at the École Polytechnique in Paris (founded in 
1795) that set the standard in continental Europe throughout the 19th century. It 
began with a two-year course in mechanics, physics, chemistry, and mathematics. 
This was followed by courses on machines and structures by practising engineers in 
design, construction and operation (Burstall 1963, p.202). They established the 
concept of a high-level professional school. Brilliant men well educated by the École 
Polytechnique were responsible for establishing the foundations of the science of 
strength of materials, developing hydraulic machinery and the theory of hydraulics. 
It is worth noting that Isambard Kingdom Brunel, son of the émigré engineer Marc 
Brunel, was sent to France as a youth to finish off his engineering education at the 
College de Caen and the Lycée Henri Quatre in Paris (Thompson 1976, p.62).  
 
German polytechnics followed a similar plan to the École Polytechnique, but they 
educated technical people at all levels and established research institutes at the top. 
The German polytechnics gave more emphasis to machine design than in France. 
Just as Rankine set new academic standards through his textbooks on heat engines 
and applied mechanics, in Germany Professor Reuleaux set new academic standards 
through his classic textbook on the theory of mechanisms (Burstall 1963, p.286). By 
1830 polytechnics were established in seven major German cities (ibid, p.202) and 
both the German and French polytechnics/polytechniques flourished as independent 
technical universities.  
 
World-wide, by the end of the 19th century Australia, South Africa, Canada and even 
less developed countries such as Japan (at that time) had established university 
engineering courses. But in the United States of America the rate of establishment of 
higher technical education (and the rate of industrial growth) began to out pace the 
rest of the world. By 1900 the standard of engineering teaching at many American 
universities was comparable with any in the ‘Old World’ and a greater proportion of 
the population was being taught (Burstall 1963, pp.286-7). 
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In contrast, at this time Britain ‘had fewer universities in proportion to our 
population than any other civilised country in Europe with the exception of Turkey’ 
(Bowden cited Gerstl and Hutton 1966, p.12) and this persisted for at least the next 
sixty years.  
2.5.2 19th Century Professional Formation of Mechanical Engineers 
in the UK 
The widespread belief in Britain that the mechanical engineer’s training (as distinct 
from education) should be primarily in the workshop and that the theoretical 
knowledge gained at university was of minor importance, persisted in Britain for 
many years (Burstall 1963, p.287). Even in the early 20th century, university 
engineering students were advised to conceal their university education from 
potential employers when they left the university! It was believed it would prejudice 
their chances of employment as many practical engineers held university education 
in contempt (ibid. p.360). 
 
In England, mechanics institutes were established where workmen could attend 
classes in the evening ‘to improve themselves’ (ibid. p.287). Enlightened employers 
often encouraged their employees to attend by contributing to expenses. In 1884 the 
City and Guilds of London Institute was formed (Lloyd 1968, pp.25-26.) and 
established examinations in technical subjects for those studying at the mechanics 
institutes, many of which later became technical colleges. However, the admission 
requirement for membership of the IMechE remained based on occupational status 
and age only. 
2.6 Mechanical Engineering in the United States 
From the late 19th century it was in the USA that the most significant developments 
both in industrial growth and the establishment of higher technical education took 
place. Americans had developed a particular interest in the mechanical arts from the 
start of the 19th century but, as in the UK, interest in the theory had not been as great 
as the interest in mechanical engineering by trial and error. 
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Indeed the early history of mechanical engineering12 in the US has strong similarities 
and links with the UK. The US was part of the British Empire until 1782, and up 
until about 1850 the professional formation of mechanical engineers in the US was 
similar to that of the UK. As a profession, US mechanical engineering had its 
beginnings in the mechanic and designer occupations of the machine shop (Calvert 
1967, p.13). The machine shop (including naval and railroad workshops) played a 
vital initial role, the textile industry provided a major initial stimulus, but the main 
stimulus came from the steam engine to power factories, steamships and 
locomotives.  
 
The factories created a demand for precise metal working machine tools and 
manufacturing equipment. As in the UK, early mechanical engineering was 
characterised by experimentation, developing and perfecting new equipment and 
industrial and mechanical processes to special order. The Industrial Revolution in 
Britain generated the early technical foundations of US mechanical engineering that 
became a crucial factor in the wealth creation that made true independence possible 
(Billington 1996, p.21). The first American commercially successful steam boat, 
built in 1807, was designed by Robert Fulton using a Watt engine (ibid. p.42) and 
Robert Stephenson supplied the first US locomotive just two months after the 
success of Robert and his father George Stephenson with the Rocket at the Rainhill 
trials in 1829 (ibid. p.108).  
 
The rapid expansion of the US economy from the mid 19th century was accompanied 
by a population boom driven by predominantly middle class European migrants. This 
resulted in insufficient skilled manpower to support demand. To offset this, 
American manufacturers were ready to adopt machinery wherever possible. The 
early US mechanical engineering focus was on rail and sea transportation, machine 
tools, steel making, pumping, and power stations. As in the UK, steam power gave 
the profession significant impetus in being adapted to locomotives, ships, and 
machinery in factories and mining. 
 
                                                 
12 During this period the alternative term ‘dynamical engineer’ was often used for ‘mechanical 
engineer’ in the United States of America. 
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The high cost of manpower and shortage of skilled manpower also gave rise to the 
distinctive American ‘style’ of engineering which placed greater emphasis on 
reducing skilled labour and on economy of construction than in Britain or continental 
Europe, and was less concerned with strength, permanency, aesthetics and safety 
(Reynolds 1991a, p.25). One of the first significant developments towards this ‘style’ 
was the development of an American standard thread by William Sellers in the 
1860’s which, while technically no better than the Whitworth standard thread, was 
easier and less complicated to manufacture. This reduced labour costs and the use of 
skilled labour (ibid.).  
 
After the mid 19th century much of the major world developments in machine tools 
took place in the USA, particularly in milling and grinding machines and in 
improvements to the lathe. Machinery was developed to produce standardised and 
interchangeable parts leading to an international reputation in the manufacture of 
agricultural machinery, firearms and sewing machines. William Sellers, 
Philadelphia’s leading machine tool builder, was recognised as having the greatest 
influence on the development of American machine tools of his generation13 (ibid. 
pp.156-7). Towards the end of the century the development of high-speed steel by F. 
W. Taylor and his associates (financially supported by Sellers) considerably 
increased machine tool output.  
 
Throughout the 19th century professional engineers were predominantly separate 
from the organisations they served. The most prominent civil engineers were retained 
as independent consultants to plan and direct projects. Mechanical engineering was 
dominated by independent machine shop owner engineers such as William Sellers. 
However this started to change towards the end of the 19th century with growing 
numbers of prominent engineers being directly employed by large companies (ibid. 
p.26). 
                                                 
13 William Sellers was acknowledged by Whitworth as ‘the greatest mechanical engineer of the 
world’ (Reynolds 1991 p.158).  
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2.6.1 Late 19th Century Mechanical Engineering Higher Education 
in the United States 
The earliest higher education institutions date to the early 17th century (e.g. Harvard 
1636), almost all being privately funded through religious or civic support. Although 
many failed to survive, by 1870 there were 573 privately funded colleges of higher 
education. Publicly funded higher education was provided through the Morrill Acts 
of 1862 and 1890 which led to gifts of federal land to the states to fund the 
establishment of publicly funded colleges and state universities. These became 
known as the ‘land grant’ colleges and universities. However the higher education 
system in the US remains a mixture of public and private systems and regulation is 
by state not federal government.   
 
The German university system was to have a considerable influence in the 
development of the American university. Since there were no graduate schools in the 
US and British universities placed severe restrictions on the number of American 
students, most US citizens who aspired to graduate study went to Germany (Fallon 
1980, p.52). When the first enduring US graduate school was opened in 1876 at the 
John Hopkins University, virtually all academic staff had studied in German 
universities (ibid.).     
 
From the end of the 19th century the rate of growth of technical higher education in 
the US outpaced the rest of the world. In 1880 there were 85 engineering colleges 
throughout the US, most offering a full mechanical engineering curriculum. 
Following the 1880’s mechanical engineering schools experienced rapid growth in 
students and enabled (in some cases forced) a significant increase in admission 
standards. They gained considerable talent from European migrants. By 1900 
engineering teaching standards at US universities, particularly the ‘Ivy League’ 
universities of Harvard, Yale, Princeton and the Massachusetts Institute of 
Technology, were comparable with those in any of the European countries. A much 
larger proportion of the population was studying at university in the USA than any 
European county (Burstall 1963, p.287).  
 
Robert Thurston, later to become the inaugural president of the American Society of 
Mechanical Engineers (ASME), was the most significant in the development of the 
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US mechanical engineering curricula. First as an instructor in the Naval Academy 
that prepared (naval) mechanical engineers, he raised the academic level of many of 
the science units, introducing new subjects such as steam engineering and undertook 
some basic research. In 1871 he was induced to leave the Naval Academy to become 
the inaugural professor of engineering at the new Stevens Institute of Technology, 
specifically devoted to the education of mechanical engineers.  
 
From then Professor Thurston devoted his life to developing a mechanical 
engineering curriculum to serve as a model for pure technical schools or professional 
schools without the inclusion of ‘general cultural education’. He was also the first to 
establish for technical education a foothold into engineering research. Steven’s 
Institute of Technology within a few years became widely recognised in America as 
the premier institution for educating mechanical engineers (Reynolds 1991a, p.21). 
Calvert (1967, p.47) states that Thurston’s concepts of engineering education were 
mainly a blend of French and German ideas. The French emphasised mathematics 
and science and the concept of a high level professional school. Germany contributed 
the system of schools that trained technical personnel at all levels with the research 
institution at the top. Thurston’s model was adopted by other US universities. 
Previously the land grant financed agricultural and mechanical colleges were mainly 
a ‘hotchpotch of lecture courses in basic mechanics, often taught by incompetent 
instructors’ (ibid. p.48).  
 
Carlson (1991, p.369) affirms that before the 1890’s mechanical engineering 
education was ‘practical and highly specific emphasising shop work and hands-on 
experience with ‘state-of-the-art’ machinery’, but in the early 20th century it became 
‘increasingly based on theoretical science, mathematics and laboratory instruction’ 
that provided ‘concepts applicable to a variety of problems’. At the same time 
engineering education grew rapidly from 226 graduate awards in 1880 to 11,000 in 
1930.   
The US was conscious of the fact that the systematic body of knowledge taught in 
the 19th century to college mechanical engineering graduates was created entirely in 
Europe. Calvert illustrates this in presenting the curriculum of that time as: 
• Physics and Mathematics, based on the work of Sir Isaac Newton (England, 17th 
century). This formed a significant proportion of the curriculum.  
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• Thermodynamics as first explored by French and German engineers and 
scientists. The basic science behind the workings of the steam engine as 
developed by Professor Rankine (Scotland).   
• Strength of Materials as developed by Navier (France). Considerable 
experimental work on machine stresses was by Weisbach (Germany). 
• Materials Science particularly in the form of the Elastic Theory by Poisson 
(France), and Fatigue in Metals by Rankine (Scotland). 
• Mechanics by Weisbach (Germany). 
      (Calvert 1967, pp.50-54) 
 
Carlson (1991, p.369) adds that the undergraduate engineering courses also included 
studies in business and economics. Higher mathematics (algebra, geometry and 
particularly calculus) more than anything else separated the university educated 
mechanical engineers from those trained in the shop culture but were increasingly 
necessary to understand these various treatises on engineering sciences.  
 
Dr Laity, Senior Vice President, Engineering Education of the American Society of 
Mechanical Engineering, states that mechanics and thermodynamics still 
substantially form the accepted core classic knowledge base of the profession (Laity, 
n.d). However all of Thurston’s subject specialisms feature in most current 
mechanical engineering degree programs. Even the newer sciences, Fluid Mechanics 
(or Hydraulics), and Electrical Science14, which at that time were still at an 
embryonic stage had their roots in these sciences. Control Theory, a more recent 
subject specialism is a further development of the classic subject specialisms.  
2.6.2 The American Society of Mechanical Engineers 
 The American Society of Mechanical Engineers (ASME) was formed in 1880 with 
Robert Thurston as its inaugural president (ASME History and Heritage: Presidents 
of ASME Since 1880 2001) (Sinclair 1980, p.5). It was initially an elite organisation, 
which granted membership only on personal recommendation. The highest category - 
full member - was for those considered to be competent, in the opinion of the 
                                                 
14 Basic electrical (and electronic) engineering science is taught in mechanical engineering courses to 
enable effective technical collaboration with electrical and electronic engineers. The profession of 
electrical engineering began with the founding of the Society of Telegraphic Engineers (now the 
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council, to take charge of work in his department as a designer, constructor or 
alternatively as a ‘teacher’ of mechanical engineering. The lower grades were for 
students and those simply with an interest (Calvert 1967, pp.112-3). The range of 
engineering disciplines was broad including civil, mining, metallurgical, naval 
engineering and naval architecture as well as mechanical engineers (Calvert 1967, 
pp.112-3). Similarly the American Society of Civil Engineers (ASCE) - or ‘The 
American Society of Engineers’ as its 1868 president preferred to call it - listed 
mechanical and mining as two major subdivisions and was reluctant to accept that it 
was not a society for all engineers (ibid., p.197). Thus these societies were in direct 
competition.  
 
Of the first list of ASME members nearly all were relatively well known engineers. 
ASME remained a strong advocate of the workshop (pupillage) route for many years 
but the academics strongly defended the university system. Unlike the UK, the 
workshop (only) route to professional mechanical engineering status was already 
beginning to decline. Soon the standard route to professional status became the 
degree, followed by a two year graduate apprenticeship as preparation for leadership 
positions and by 1905 the university engineering schools were virtually in full 
control of the professional formation of mechanical engineers (Calvert 1967, p.281).  
 
Membership of ASME across all its grades as a proportion of the total number of 
mechanical engineers dropped to around 20% due to its old guard workshop focus, 
and participating membership fell to around 5% (Calvert 1967, p.117). However, 
soon younger engineers, including F.W. Taylor, H.L Gantt and others of scientific 
management fame replaced the original founders on the main committee. They 
managed to not only reverse this trend but to generate a mass growth of the society 
(Calvert 1967, p.129) (ASME History and Heritage: Presidents of ASME Since 1880 
2001). Today with 125,000 members it is among the world’s largest engineering 
societies. Although it still places emphasis on experience rather than qualifications, a 
bachelor degree results in an eight year reduction in the amount of engineering 
experience required for membership. However registration to practice as a 
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Institution of Electrical Engineers) in Britain in 1871. In the US it began with the American Institute 
of Electrical Engineers (now the Institute of Electrical and Electronics Engineers) in 1884.  
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professional engineer is controlled by each State and most, if not all, require an 
engineering degree as a basic requirement.  
2.7 The Early Development of Engineering in 
Australia 
The Industrial Revolution was well established at the time Britain claimed 
sovereignty of Australia (1788) and began the process of settlement by establishing it 
initially as a penal colony. For a vast remote country with a small population the 
development of substantial infrastructure was impractical and the early development 
of Australia was entirely as an agrarian economy.   
 
By 1850 the population of Australia was still only 440,000 people (Lloyd 2001a, 
p.10) compared to 21 million in Britain (Thompson 1976, p.68) and yet already the 
first Australian university, the University of Sydney, was being established. It 
predated most of Britain’s regional universities and the land grant universities of the 
USA. It was modelled on the academic structures of the universities of Oxford and 
Cambridge. However, as there was very little secondary schooling in the colony, it 
was thirty years before the annual university enrolment reached a mere one hundred 
and later still before Certificates in Engineering (including one in mechanical 
engineering) were offered in 1882 within the newly formed Faculty of Science. In 
1883 a school of engineering was established within the faculty with a single lecturer 
from North West England, Mr William. H. Warren and the degrees of Bachelor of 
Engineering and Master of Engineering were established within three branches of 
engineering including ‘Mechanical Engineering and Machine Construction’. Mr 
Warren became Professor of Engineering the following year (Lloyd 2001a, p.10) 
(Faculty of Engineering Short History 2002).   
 
The gold rushes of 1851 took place only the year after the establishment of the 
University of Sydney. They began in New South Wales but within months, rich 
discoveries were made in Victoria, which later the same year (15th November) 
became a separate colony from New South Wales. Victoria soon overtook New 
South Wales as the principal gold state bringing enormous wealth and a rapid 
increase in population to the nation. The wealth generated brought company mining 
and manufacturing, and civil infrastructure in roads, railways, some magnificent 
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buildings, water supply, and telegraph, creating demand for civil and mechanical 
engineers. Pupillage taught engineers from England taught Australian engineers as 
they had been taught. For mechanical engineers this was in the workshop and 
drawing office (Lloyd 2001a, p.10). 
 
The University of Melbourne was legally established in 1853 and introduced its first 
engineering course - a three year full time course leading to a Certificate in Civil 
Engineering - in 1861. The first civil engineering degree course was not until 1883 
(the same year the University of Sydney introduced its degree courses in 
engineering). The course content for the certificate and degree in civil engineering 
focused heavily on mathematics and science (including physics, chemistry, geology, 
and mineralogy), but the comparatively limited engineering content included 
substantial mechanical content such as mechanical drawing, ‘practical mechanics’, 
and ‘mechanical engineering’ (ibid. p.11). There was no broadening content such as 
general knowledge, languages or even engineering management. It was not until 
1907 that the first degree course in mechanical engineering was established. 
Although by 1919 all six Australian Universities had engineering schools, 
enrolments were small in all but the Universities of Sydney and Melbourne. As in 
Britain, the proportion of university educated engineers was small as access was 
limited to the very few with secondary schooling. The British ‘workshop culture’ - 
the belief that the preparation of mechanical engineers should be primarily workshop 
based - persisted also in Australia, initially through pupillage and later through a 
continuing influence on courses in technical education (ibid. pp.10-13) (A Brief 
History 1998). 
 
Australian technical education began at the Sydney Mechanics School of Arts in 
1853. From 1870 onwards a number of Schools of Mines, Working Men’s Colleges 
and Technical Colleges were created throughout the country offering a diverse range 
of technical certificate courses15 including courses leading to the City and Guilds of 
London mechanical and electrical engineering examinations (Lloyd 2001a p.11). 
Soon these schools and colleges were offering higher technical qualifications; 
associateship diplomas, diplomas, and college associateships. Most, acknowledging 
                                                 
15 In most States local government or water supply engineers served articles and had their own system 
of qualifying examinations. 
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those espousing the ‘workshop culture’ included a significant amount of workshop 
practice in their courses. By 1910 engineers with formal engineering education began 
to outnumber those without.  
2.8 Peroration 
A snap shot of the mechanical engineering profession in the three nations of our 
study at the start of the 20th century is enlightening. From a substantially advantaged 
position at the start of the industrial revolution Britain had lost her industrial lead to 
the US and Germany. It is evident that attributes developed in their respective 
mechanical engineers played a part in this.  
 
Even though there were many stimulating factors that led to the British Industrial 
Revolution, it is quite remarkable that the early British mechanical engineers 
achieved so much with so little formal education. However mechanical engineering 
demands a range of attributes including both explicit and tacit16 knowledge. At the 
start of the Industrial Revolution (circa 1750) scientific knowledge in the sciences 
that now comprise mechanical engineering science was still rudimentary and in 
continental Europe the École des Ponts et Chausées was only just established. 
Deficiencies in knowledge of engineering analysis were often overcome through 
‘over engineering’.  
 
More critical for these early engineers were business and project management skills, 
craft knowledge (including craft secrets and trade secrets), experimentation, 
pragmatism, creativity and innovation. Access to high level craft skills was also often 
critical. (Watt’s difficulties in the manufacture of his steam engine illustrate this.) 
The prevailing English system of engineering apprenticeships (or ‘pupillage’) and 
craft apprentices supported this broad range of engineering attributes well. It should 
also be noted that at that time in England both craft and engineering apprenticeships 
were highly valued and attracted some of the most able people.  
The engineers to whom the apprentices were bound were typically small business 
partnerships or engineering consultancies, providing an environment suited to 
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16 Nonaka and Takeuchi (1995, p.8) define tacit knowledge as highly personal and hard to formalise 
and communicate. It includes subjective insights, intuitions, schemata, perceptions, ideals, personal 
values, and craft know-how. 
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developing highly adaptive, creative and commercially oriented engineers. There 
were obvious benefits in acquiring experience and judgement through extended 
association with a ‘master practitioner’ enabling the acquisition of tacit as well as 
explicit knowledge. To maintain competitiveness, a considerable engineering 
knowledge base resided within these small companies, transmitted only from master 
to apprentice.  
 
By the early 20th century, much of this resident knowledge base had been widely 
disseminated through publications and meetings of the professional engineering 
bodies and through patent publication. For Britain to compete industrially with 
continental Europe and the USA in the second industrial revolution there was a 
growing need for sound theoretical foundation in the mechanical engineering 
sciences. But the formation of mechanical engineers in Britain was little changed. 
Few were university educated and although some studied technical subjects in the 
mechanics institutes, most had no formal technical education at all.  
 
In contrast, most US mechanical engineers were now educated in the mechanical 
sciences and business to degree level in universities and polytechnics developed to 
the widely admired research focused German model. Thurston had identified the 
branches of science that substantially comprise what is still recognised as the core 
knowledge base of the profession throughout the world. Ironically, much of the 
curriculum at that time was from work by British engineers and scientists. It is 
important to recognise that full professional formation of mechanical engineers still 
required professional practice after graduation – ‘graduate apprenticeships’ - in 
which the tacit knowledge and other attributes of a professional mechanical engineer 
were to be acquired.  
 
A feature of the prevailing industrial climate of America was that large business 
corporations were becoming the major employers of US mechanical engineers. The 
high costs of labour and materials also provided incentives for mechanical engineers 
to focus their designs on the more efficient use of materials and labour.   
 
Australia in the early 20th century was still a very young nation which had inherited 
British modes of professional formation of mechanical engineers and Britain’s 
university system. However, almost 25% of Australian engineers were formally 
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educated with local university or technical college qualifications (Lloyd 2001a, 
p.12); a considerably greater proportion of than those in Britain. The employment 
environment for mechanical engineers in Australia was also very different from that 
of the US and Britain.  
 
Still largely agrarian, in 1900 Australia had some 1050 engineers with only 19% 
being mechanical engineers (Rice and Lloyd, 1990 p. v). Manufacturing, 
traditionally the largest source of employment for mechanical engineers, was only a 
minor part of the Australian economy (Lloyd 1991, p.30). The main demand for 
engineers in Australia was for infrastructure, notably transport, communications and 
the utilities. Thus the majority of engineers were employed in the public sector which 
effectively controlled the professional formation of the majority of Australian 
engineers. Until 1919 in Australia, there were small multidisciplinary engineering 
associations in each State, each too small to provide effective professional 
leadership. They united to form a national body, the Institution of Engineers, 
Australia in October 1919. 
 
In summary, critical issues to note from this chapter are that by the early 20th 
century: 
• The range of sciences (and business skills) that was to form the recognised 
knowledge base of the profession had already been largely defined.  
• A sound theoretical knowledge base in the mechanical engineering sciences was 
becoming essential for mechanical engineers to maintain industrial 
competitiveness.    
• Notable common factors in the two nations that had taken the industrial lead 
were the high proportion of university educated mechanical engineers and an 
established Humboldt German university model. 
• The fact that early British and American mechanical engineers achieved so much 
without formal engineering education also shows the significance of the 
attributes and knowledge base they acquired through a practical and experimental 
pupillage paradigm. 
• The employment and professional environments for Australian mechanical 
engineers were vastly different from those of British and US mechanical 
engineers.  
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• Australia had inherited the British system of engineer formation and of higher 
education. However, even with such a small professional engineering body, 
Australia already had a much greater proportion of formally educated 
professional engineers. 
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3 - Mechanical Engineering: 20th Century 
Developments 
—————————————————————————– 
3.1 Introduction 
Chapter 2 presented a study of the naissance of the profession in Britain and compared 
19th and early 20th century developments in the professional formation and education of 
mechanical engineers in Britain, the US and Australia. It also discussed the differences in 
employment environment. This thesis is primarily concerned with the attribute 
development of Australian mechanical engineers. Nevertheless consideration of 
developments in the US and Britain is necessary because of their continuing influence on 
professional engineering formation and education in Australia.  
 
The tremendous technological and scientific developments of the 20th century dramatically 
expanded the knowledge base in the mechanical engineering sciences and brought new 
tools such as computers to enable us to function more efficiently. These and other 
significant 20th century developments have changed the industrial composition and 
professional engineering profile and environment. Consideration of the effect of these 
developments on the mechanical engineering profession should provide significant 
insights into the study of the range and significance of attributes now most appropriate for 
effective mechanical engineering professional practice in Australia. But first it is valuable 
to investigate the developments in the formation of professional mechanical engineers 
across the three nations that led to the existing system of mechanical engineering 
undergraduate education.  
3.2 The Formation of Mechanical Engineers 
3.2.1 The Formation of the Mechanical Engineer in the UK 
It was 1911 before Ellington, the President of the IMechE, stated in his presidential 
address that the Institution should provide industry with engineers with proven 
qualifications and qualities which would include technical and scientific knowledge plus 
managerial and economic skills. ‘The test for admission should be high, both from the 
point of view of general and technical education and of practical work,’ he said. He went 
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on to express this as a good theoretical and practical knowledge of mechanical 
engineering as well as the ability to control engineering industries and the ‘workmen 
employed within them’ (Pullin 1997, p.103). As with other professional institutions that 
had already instigated their own membership examinations, such as the Institutions of 
Civil and of Electrical Engineers, exemptions were granted to those who possessed a 
university degree, or City and Guilds diploma (ibid).  
 
The first entrance examinations for Graduate and Associate Membership17of the IMechE 
were held in October 1913. There was no requirement for those at the higher grade of 
Member of the IMechE (MIMechE), who were necessarily over the age of thirty, to 
undertake these examinations as ‘conditions for full membership demanded that the 
candidate should already be holding a position sufficiently important for his technical 
qualifications to be taken for granted’ (Parsons 1947, p.47). 
 
The papers for Associate Membership (AMIMechE), the first level corporate grade, are 
listed in Table 3-1, along with subsequent 1923 and 1935 revisions. As candidates for the 
AMIMechE examinations had only to pass two or (from 1923) three engineering science 
papers, their assessed range of mechanical engineering knowledge was narrow. Further, in 
spite of a focus in the president’s address on management and economics, and contrary to 
the US model, the original examination had no papers on management or 
economics/finance. Instead it had a significant level of general education in the form of 
‘General Knowledge’ (see Figure 3-1) and a modern foreign language. In light of 
Drucker’s comments on the influence on English higher education of the English 
gentlemen, the focus on general knowledge was probably a reflection of prevailing 
attitudes to education, but may also have reflected awareness that the attributes required of 
an effective mechanical engineer are broader than technical, management and practical 
skills.  
 
                                                 
17 In the late 1960s, to follow the nomenclature of the other British Engineering Institutions, all Associate 
members were upgraded to Member and corporate Members were upgraded to Fellow. 
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Table 3-1. Structure of Associate Examinations of the IMechE. 
1913 AMIMechE 
syllabus  (Source: 
Parsons 1947, pp. 47-8.) 
1923 AMIMechE 
syllabus  (Source: Parson 
1947, pp. 61-2) 
1935 AMIMechE syllabus 
(Source: Parsons 1947, p. 69) 
Section A 
General Knowledge 
(three hour paper) see 
figure 3-1. 
 
Section B  
a) Applied Mathematics 
b) Physics and Chemistry 
(three hour papers) 
 
Section C  (Two of)  
1. Steam Engines 
2. Internal Combustion 
Engines 
3. Hydraulics 
4. ‘Electrotechnics’ 
5. Theory of Machines 
6. Machine Design 
7. Materials 
8. Metallurgy 
(three hour papers) 
 
Section D ‘a fair 
knowledge of some 
modern foreign language’  
 
 
Section A  
a) Modern language, 
b) Maths,  
c) Physics and Chemistry 
 
Section B Three papers on 
technical subjects - two 
compulsory and one from 
a range of alternatives. 
 
Section C  
Economics of Engineering  
This included an essay, 
knowledge of the history 
of engineering economics 
and principles of 
workshop organisation.  
 
Section A   
Part 1   
a)   Applied Mathematics 
b)   Physics and Chemistry 
Part 2   
a)   English Essay and         
Fundamentals of Industrial 
Administration 
or b) French, German, Italian, 
Spanish, Latin 
 
Section B 
a)  Theory of Machines and 
Machine Design 
b)  Properties and Strength of 
Materials 
c)  (One of) 
1. Steam and the Steam Engine 
2. Internal Combustion Engine 
3. Hydraulics and Hydraulic 
Machinery 
4. Electrotechnics and Mechanical 
Design of Electrical Machinery 
5. Metallurgy 
6. Aeronautics 
7. Workshop Technology 
 
Section C 
Workshop Organisation and 
Management 
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Figure 3-1 Front Page of the Institution of Mechanical Engineers’ 1913 
General Knowledge paper 
 (From Pullin 1997, p 102) 
 
However, this changed with the 1923 revision of the associate member examination 
syllabus when the paper on ‘General Knowledge’ was replaced with ‘Economics of 
Engineering’ (see Table 3-1). The considerable development in the theory and teaching of 
engineering economics and management that took place in the next decade was reflected 
in a further revision of the syllabus in April 1935. In this ‘Workshop Organisation (and 
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Management)’ was expanded to take up all of Section C and the remainder developed and 
moved to Section A part 2 as ‘Fundamentals of Industrial Administration’ - much 
favoured over the foreign language option (Parsons 1947, p.69). 
 
The range of technical papers essentially confirmed Thurston’s mechanical engineering 
curriculum but with the addition of hydraulics, ‘electrotechnics’ (as discussed in Chapter 
2) and chemistry, and as such established and enhanced the scope of mechanical 
engineering practice. The inclusion of chemistry probably reflected the prevailing British 
industrial focus on petrochemicals (described later). Aeronautics, offered as a paper in the 
1935 examinations, was a further development of the scope of mechanical engineering 
practice through the application of advanced specialist developments within the 
established range of mechanical engineering sciences. The later formation of technical 
groups to reflect IMechE member interests confirms much of the scope of practice and 
reinforces manufacturing as integral to mechanical engineering. In date order these were: 
1934 Internal Combustion Engine Group. 
(1935 Education Group) 
1936 Steam Group 
1939 Hydraulics Group and the Manufacture Group 
1941 Applied Mechanics Group 
     (Parsons 1947, pp.68-79) 
 
Fragmentation of the engineering profession into specialisations and hybrids of civil, 
mechanical and electrical engineering has still not compromised the scope of practice. The 
ICE, IMechE and IEE share 68% of UK (chartered) professional 
engineers (Farrington 2002), and a high proportion of chartered mechanical engineers 
continue to practice in each of the sub-branches and hybrids of mechanical engineering 
now represented by other specialist professional engineering bodies (including chemical 
and aeronautical engineering). 
 
In 1921 the Ordinary and Higher National Certificates in Engineering (ONC and HNC) 
part time qualifications were introduced as an alternative to the City and Guilds Diploma, 
and those in mechanical engineering were jointly accredited by the IMechE and the Board 
of Education (Parsons 1947, pp.56-7). With appropriate ‘endorsements’ (additional study 
units), they provided a much broader knowledge base in engineering science than the 
Chapter Three Mechanical Engineering: 20th Century Developments   50   
 
IMechE examinations and gave complete exemption from the IMechE examinations for 
associate membership.   
 
Although the IMechE’s own examinations remained significant for some time, the City 
and Guilds Diploma route was phased out and until 1968 the HNC increasingly became 
the most common route to meeting the AMIMechE educational requirements. They were 
usually studied by apprentices in the engineering trades whose employers granted them 
one day per week to attend classes. In 1967 the HNC facilitated entry for over 70% of 
AMIMechE aspirants, a very small percentage (around 5%) entered through the Higher 
National Diploma in Engineering (HND)18 and degree entry was little more than 20% - 
significantly fewer than the other major UK engineering institutions.  
 
A survey by the Ministry of Technology in the mid 1960’s discovered that many 
engineering graduates regarded engineering institution membership unnecessary. To avoid 
the risk of being sidelined by the increasing numbers of engineering graduates, the 
recently formed umbrella body for UK engineering institutions, the Council of 
Engineering Institutions (CEI)19 decided to upgrade the academic requirements for 
membership by phasing out the old HNC and subsequently the HND route to 
membership20 thus making a degree the minimum requirement (Pullin 1997, p.182). At the 
same time AMIMechE and MIMechE members were redesignated MIMechE and 
FIMechE respectively (ibid.).  
 
The IMechE gave engineering graduates exemption from parts one and two of its 
examinations but usually not part three ‘Industrial Administration’ as the prevailing 
                                                 
18 The Higher National Diploma in Engineering (HND) was a full time version of HNC with a 
corresponding increase in the number of subjects studied. These were offered by the larger technical 
colleges and polytechnics and meant to be closely equivalent to two years of a three year engineering degree 
course.  
 
19 The Council of Engineering Institutions (now the Engineering Council) was set up to bring some unity 
and regularisation to the British engineering profession. The IMechE took a leading role in this and it was 
initially based in the IMechE London headquarters. Amongst its responsibilities is the setting of the required 
standards for professional membership by allowing only full members of its member institutions with the 
more rigorous membership standards (including the IMechE) to apply for Chartered Engineer (CEng) status.  
 
20 Control and accreditation of the National Certificate system was given to the Technician Education 
Council (TEC) who developed entirely different courses. At this time most universities started to accept the 
HNC as an alternative entrance requirement, and that year a substantial number of HNC qualified people, 
myself included, enrolled in UK university mechanical engineering courses. 
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engineering management programs in most universities were considered inadequate21. 
Soon university mechanical engineering departments improved their management 
programs to meet the IMechE’s requirements. The IEE upgraded its academic standards 
for membership above the CEI requirement by requiring an honours degree. The IMechE 
and others eventually followed.   
 
Britain had come into line with most other countries in making engineering a degree entry 
profession, but the engineering undergraduate degree programs of England, Wales and 
Northern Ireland, restricted to three years, are still the shortest in Europe. Scottish 
universities had moved to four year engineering degree programs in approximately 1958. 
In 1963 the Lord Robbins Higher Education Committee report (cited Gertl and Hutton, 
1966, p.160) recommended an extra year - as have the engineering institutions and later 
the Finniston Report (Finniston 1980). The UK government continually rejected this on 
cost grounds arguing that the higher standard of university entrance examinations in 
England, Northern Ireland and Wales compared to those of continental Europe (and 
Scotland) compensated for this. Thus, to maintain appropriate technical depth as entry 
standards in the newer universities (see below) fell, the course accrediting institutions 
placed restrictions on the proportion of engineering course content not devoted 
specifically to engineering science and mathematics. Restricting course breadth can, as we 
will see in later chapters, impact adversely on the development of other essential 
professional engineering attributes.  
 
More recently UK universities began to offer a four year ‘undergraduate’ MEng degree 
(five years in Scotland) into which students can enrol ‘straight from school’ and in 
September 1999 they became the basic requirement for Chartered Engineer registration by 
the Engineering Council. It is effectively the four year engineering degree qualification 
the engineering institutions had wanted for so long22. It enabled extra breadth and 
management studies without further sacrificing technical depth. The BEng (hons) plus 
‘matching section’ - an additional year of study to achieve a similar outcome - is currently 
                                                 
21 In approximately 1970 the University of Liverpool became one of the first universities to have an 
accredited engineering management program enabling exemption from part 3 of the IMechE’s examinations. 
 
22As the Engineering Council has now taken over the role of the member institutions in providing 
examinations for various levels of membership, it has recently introduced a further level of examination as a 
requirement for corporate (chartered) membership, for which the new MEng courses will provide 
exemption. 
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accepted as an alternative (Standards and Routes to Registration (SARTOR) 3rd Edition 
1997 - Executive Summary 1997). 
 
The most significant outcome of the Robbins report was the government’s response to his 
call for a significant increase in the number of students in full time further and higher 
education. At that time Britain still had fewer per capita university places than most other 
European countries and only one third per capita of those in Australia. (Gerstl and Hutton 
1966, p.12). Robbins called for an increase to about 560,000 students in full time further 
and higher education and 350,000 university places by 1980-1. The government responded 
with a massive expansion of higher education. For university education this was achieved 
by: 
• The creation of new universities (e.g. East Anglia, Keele and Sussex), 
• Promoting university colleges to full university status (e.g. Hull, Nottingham and 
Exeter), 
• Transforming colleges of advanced technology into universities (e.g. Bath and 
Bradford). 
For higher education this was achieved by: 
• Extending the system of polytechnics which offered courses at both the further 
education and higher education levels, most frequently by expansion of existing 
technical colleges. They offered the newly established Council for National Academic 
Awards (CNAA) degree programs. As they were unable to award honours degrees, 
when the engineering institutions raised their educational requirement for admission to 
corporate membership to an honours degree, all polytechnic engineering graduates 
were excluded.   
• The formation of colleges of education (teaching colleges). 
           (Hill 1977, p.306) 
 
To achieve widespread participation from all classes of the community (and thus draw on 
a greater pool of ability) free tuition was introduced during the 1964-6 Wilson government 
and a means tested system of student grants was established. By the early 1970’s 
approximately 15% of the appropriate age group entered some form of higher education 
compared to 2.7% in 1938 (ibid.), but fell to 12.5% by 1980 (Woodward 2002). In the late 
1980s increasing government demands for greater higher education participation rates 
were met mainly by the polytechnic sector as the universities resisted increased class 
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sizes. Much of the funding for this expansion came from the students through the 
reintroduction of substantial tuition fees. In 1992 a further radical change to the university 
system took place by promoting the polytechnics and some similar institutions of higher 
education to full university status with the power to grant their own degrees. Their ability 
to award engineering honours degrees led to a considerable rise in graduates with the 
potential to become professional engineers, but the rise was less than anticipated.  
 
The total number of people accepted into any engineering or technology degree program 
fell 6% over the decade to the start of the 2000-01 academic year and as a percentage of 
total student population it fell from 10.4% to 5.5% (Farrington 2001). While these figures 
compare with Australia 6.2% (1998) and USA 5.3% (1996), all three countries feature at 
the bottom of an international table headed by Singapore 28.4% (1999) as presented by 
Rice (2001a p.146). Further, as engineering schools in British universities attract a higher 
proportion of overseas students it is anticipated the percentage of UK students is even 
lower! 
 
In 2001 mechanical engineering university admissions fell a further 5% whilst total 
university enrolment rose 5.4% (‘Fall in engineering’, 2002). In 2002 the University of 
Birmingham, which boasts one of the nation’s most eminent mechanical engineering 
schools, announced job cuts in engineering, physics and chemistry of around 100 jobs. 
The Vice Chancellor, Professor Michael Sterling FREng, FIEE conceded the markets for 
these courses were not recovering and ‘if the students don’t want to do that subject area, 
no power on earth is going to make them do it’ (Woodward, 2002). Yet the fall in supply 
of engineers is anticipated to significantly impact on the country’s competitive ability 
(‘Fall in engineering’, 2002.) and is compounded by a trend for engineering graduates to 
move into other careers such as finance and commerce (see Tables A4.1 and A4.2)  
 
During the 1980s and 1990s the government virtually halved the funding per student 
(Wolf 2002, p.233). In 1997 the ‘Higher Education in the Learning Society’ report showed 
expansion of higher education with insufficient Government funding had resulted in 
under-investment in infrastructure, concerns over the quality of graduate output and that 
there was now a prospect of substantial redundancies in academic staff. It also expressed 
concern that while other countries were planning further growth in participation rates, the 
UK government had capped the growth of higher education (Dearing 1997). The report 
stated that further participation growth was essential for the future of the UK and would 
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require increased quality and effectiveness in teaching an increasingly diverse student 
body (as well as significantly more funding). However recognition that research output 
was the main basis for professional reward and advancement in higher education rather 
than teaching, militated against this. (In 1988 the US National Science Foundation had 
also identified this as the most significant problem in US science and engineering 
undergraduate education (Seymour and Hewitt 1997, p.6). To establish recognition for 
teaching, the British government created the Institute for Learning and Teaching in Higher 
Education (ILT), to engender professional status to tertiary teaching.  
 
In 2002 the percentage of the post secondary school age cohort entering full time higher 
education in the UK had reached almost 40% (Wolf 2002, p.180). It was estimated that 
Britain’s universities were producing 400,000 graduates per year (ibid. p.249), from more 
than 170 universities and institutes of higher education (ibid. p.232). Wolf (2002, p.174) 
showed this rapid expansion to be an international phenomenon. Lee Harvey, Director of 
the University of Central England Centre for Research into Quality, also suggests that the 
increasing need to undertake excessive part-time work has made student much more 
‘assessment aware’ (Woodward, 2002).   
 
Professor Sterling commented: ‘What it means is a degree is not a degree that it was 20 or 
30 years ago. I don’t deny politicians the right to make decisions about how many students 
enter higher education, and how much money there is. But they have to live with the 
consequences’ (Woodward 2000).  Reacting to the Prime Minister’s announced 2010 
target of 50% of under 30s experiencing higher education, Lord Dearing responded 
‘between (a choice of) 50% and sustaining quality we have to sustain quality’ (ibid.).  
 
Professor Wolf of the University of London raises some significant issues: 
• The graduate boom, increasing the need to differentiate graduates in the employment 
market, is driving increased stratification in the higher education sector, enhancing 
demand for the most prestigious universities - the ‘Russell’23 group - at the expense of 
others. This results in increasing differences in entrance scores and in turn greater 
variation in degree standards (Wolf 2002, pp.202-32).  
                                                 
23 The ‘Russell’ group comprise the more prestigious UK universities, based on tradition and research: 
Oxford, Cambridge, Liverpool, Manchester, Leeds, Birmingham, Bristol, Warwick, Edinburgh, Glasgow, 
Imperial, King’s College London, University College London, London School of Economics, Newcastle, 
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•  The dramatic fall in funding per student has meant the amount of time and attention 
students receive - manifested as student/teacher ratios, instructional hours etc. - has 
declined (ibid. p.247). 
• A corollary of the higher education boom was a fall in status and desirability of 
apprenticeships and vocational qualifications (ibid. p.93) leading to work place 
shortages of engineering artisans and paraprofessionals, both vital to the overall 
engineering enterprise24. This was reflected throughout the developed world (ibid. 
p.82). Competency-based training provided an early (unsuccessful) UK solution (see 
Chapter 4, Engineering Competencies and Attributes), but German employers had 
better success attracting apprentices through building in opportunities to continue into 
higher education (ibid., p.89). 
3.2.2 The Formation of the Mechanical Engineer in the United States. 
3.2.2.1 Higher Education. 
Although the US participation rate was amongst the highest in the world, a further major 
expansion in US higher education participation took place just after the Second World 
War - some decades ahead of most other nations. It was created by the Servicemen’s 
Readjustment Act of 1944 which offered military veterans financial aid to attend 
university (Drucker 1993, p.3). America’s veterans responded enthusiastically. Drucker 
describes this as the most significant contributor to the development of society from a 
class system divided into capitalists and ‘proletariats’ (ibid. p.24) to a knowledge based 
society divided into ‘knowledge workers and service workers’ (ibid. p.6)25. 
 
 
 
Most significant for engineers and scientists however was Eisenhower’s National Defense 
Education Act (NDEA) of 1958 in response to the successful Soviet launch of the Sputnik 
387387 
Cardiff, Nottingham, Sheffield, and Southampton. They are so-called because their vice-chancellors held 
their early meetings in London’s Russell Hotel.  
 
24 The implications on skilled labour costs mirror those of mid 19th century USA. 
 
25 This was the theme of Drucker’s book the Post-Capitalist Society in which he argues that with the 
capitalists’ control and supply of money being gradually usurped by the pension funds (which in turn are 
owned by the nation’s employees) the basic economic resource will be knowledge (Drucker 1993, pp.6-8). 
It could be argued that Sir Winston Churchill predicted the transition to a knowledge based society in his 
Chapter Three Mechanical Engineering: 20th Century Developments   56   
 
which led to national concern that their Cold War opponent appeared to be ahead in the 
space race. With a focus on developing the skills to compete, US education expenditure 
was more than doubled. In schools the emphasis was on higher academic standards in 
science and mathematics and teaching was reformed from one of imparting information to 
one of delivering conceptual ideas, modes of scientific inquiry and mathematical problem 
solving (Bybee, 1997). Expenditure for higher education included funding for graduate 
fellowships in the sciences and engineering and curriculum development in science and 
mathematics. But the greatest impact of NDEA was in evolving and expanding a network 
of research universities.   
 
This marked the beginning of massive government funding into R&D for defence and the 
space program and much of this went to the research universities. As well as creating an 
exciting image of engineering and science to attract some of the best students into 
university studies in these areas, these programs provided the major source of university 
research funding and engineering was the main beneficiary. These research programs 
transformed American engineering education (Kline 2000) through their influence on the 
curricula - the ‘nexus between research and teaching’ - and a focus on developing 
undergraduate student research skills in preparation for postgraduate research.  
 
Government spending on these research programs was cut back significantly at the close 
of the 1980’s. Nevertheless Shea, West and Douglas (1996) assert that in research 
universities the engineering curricula are still influenced by ‘faculty (academic staff) 
interests and the knowledge gained by conducting research funded by government 
agencies and corporations’ whilst the majority of US engineering graduates are employed 
in the industrial sector. 
 
This government spending cut-back led to a slow decline in engineering student 
enrolments from 1987, remaining fairly static throughout the 1990s and not predicted to 
increase significantly in the period to 2010 (Bureau of Labor Statistics 2000a, p.5). 
Contrasting sharply with an exponential rise in the US higher education participation rate, 
this led to reduced course entrance standards. US higher education participation rate is 
387387 
1942 Harvard University address where he asserted that ‘The empires of the future are the empires of the 
mind’ (Nelson 2002). 
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now approximately two thirds of the post secondary school age cohort - far greater than 
any other nation.  
3.2.2.2 Professional Bodies and Accreditation 
Accreditation of engineering courses eventually came into being in 1932 through the 
Engineers Council for Professional Development (ECPD) and later the Accreditation 
Board for Engineering and Technology (ABET) formed by the major US engineering and 
technical societies (Lloyd 1968. P.293). Unlike the UK and Australia, they do not provide 
exemptions from the examinations for licensed professional engineer (PE) administered 
by the National Council of Examiners for Engineering and Surveying (NCEES).  
 
Each State sets the requirements to sit these examinations. Although some may allow non-
graduates with eight years, or sometimes more, suitable experience to sit the NCEES eight 
hour Part 1 Fundamentals of Engineering examination in mathematics and physical and 
engineering sciences, it is usually taken during or after the final year of an ABET 
accredited degree program. This allows them to become an ‘Engineer in Training’ EIT (or 
‘intern’). A further four years (minimum) engineering experience under the supervision of 
a licensed professional is required before they can take the sixteen hour Part 2 Principles 
and Practice of Engineering examination (engineering analysis and synthesis, and ethical, 
economic and legal principles) which leads to registration (fundamentals examinations 
FUNDAMENTAL INFO  n.d.; Lloyd 1991, p114).  However although most graduate 
engineers practice engineering only one in seven are registered (ibid. pp. 115-6)  
3.2.3 Professional Engineer Formation in Australia 
Towards the end of the nineteenth century, Australian engineering societies were colony 
based and small. Following Federation a group of engineers with a desire to enhance the 
occupational identity and status of engineers in Australia through a unified and qualified 
profession, caused the Victorian Institution of Engineers to drive the process of combining 
the various state associations to form a single engineering professional body, the 
Institution of Engineers, Australia (IEAust), in 1919 (Lloyd 2001a, p.13).  
 
Following the pattern of the UK institutions, the IEAust created grades of membership, 
rejected informal routes to recognition (such as pupillage) in place of examination and 
certified professional experience. It created its own examinations thus establishing itself as 
the qualifying body for engineers in Australia.  
Chapter Three Mechanical Engineering: 20th Century Developments   58   
 
Table 3-2. Comparisons of Associate Examinations of the IEAust and 
IMechE. 
The 1922 AMIEAust 
syllabus (Source: 
Lloyd 2001b p.15) 
The 1922AMIMechE  
syllabus (Source: 
Parson 1947 pp.61-2) 
The 1935 AMIMechE 
syllabus (Source: Parsons 
1947, p.69) 
Section A 
Mechanics and Materials of 
Construction. 
One from: Theory of 
Structures, Electricity and 
Magnetism, or Heat 
Engines. 
One from: Engineering 
Surveying, Hydraulics, 
Geology and Mineralogy, 
Stability and Resistance of 
Ships, Thermo and Electric 
Chemistry, Industrial 
Chemistry, Metallurgy, 
Other approved subject. 
 
Section B: A practical paper 
related to work experience, 
or a thesis demonstrating a 
sound knowledge of 
engineering work. It could 
describe actual work 
undertaken. 
 
 
Section A 
Modern language, maths, 
physics and chemistry 
 
Section B  
3 papers on technical 
subjects - two compulsory 
and one from a range of 
alternatives. 
 
Section C  
Economics of Engineering  
This included an essay, 
knowledge of the history of 
engineering economics and 
principles of workshop 
organisation. 
 
Section A   
Part 1   
a)   Applied Mathematics 
b)   Physics and Chemistry 
Part 2   
a)   English Essay and         
Fundamentals of Industrial 
Administration 
or b) French, German, Italian, 
Spanish, Latin 
Section B 
a)  Theory of machines and 
Machine Design 
b)  Properties and Strength of 
Materials 
c)  (One of) 
1. Steam and the Steam Engine 
2. Internal Combustion Engine 
3. Hydraulics and Hydraulic 
Machinery 
4. Electrotechnics and Mechanical 
Design of Electrical Machinery 
5. Metallurgy 
6. Aeronautics 
7. Workshop Technology 
Section C 
Workshop Organisation and 
Management. 
 
Table 3-2 compares the associate member examinations of the IEAust with those 
introduced in the same year for the IMechE. Those without a school leaving certificate 
(later raised to university entrance level) also had to complete an IEAust preliminary 
examination of similar standard. Lloyd (2001b, p.15) indicated that ‘with no test of 
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mathematics beyond school level, there was little expectation of higher level quantitative 
expression or analysis.’ There were also no papers on management, economics or the 
fundamental sciences of physics and chemistry. As the IEAust examination format 
remained unchanged for 30 years the IMechE examinations introduced in 1935 are also 
presented for comparison in Table 3-2. However the IEAust examination standards were 
continually upgraded, except for mathematics. 
 
Then in 1938 a statement was made that although ‘no paper on mathematics is included in 
this examination, candidates will be assumed to posses an elementary knowledge of 
differential and integral calculus and of co-ordinate and solid geometry’ (ibid. p.16). 
 
Few gained membership by this undirected study route, but by studying diploma or degree 
courses giving exemption from the IEAust examinations (the Extra First Class Board of 
Trade marine engineers’ certificate and a number of public service examinations were 
later included). This marked the beginning of accreditation of courses by the IEAust. The 
IEAust examinations were used as ‘the yardstick by which educational courses (used for 
exemption) were judged’ (ibid. p.15). Minimum diploma entry level standards were also 
set. The result was a gradual reduction in the large variation of standards of the diploma 
courses between the states and towards the 2nd World War an overall increase in the 
standard of full time and part time engineering diplomas. (Victorian engineering diploma 
curricula still included significant workshop content.) 
 
In 1952 the IEAust examination was expanded to include papers on Mathematics, Science 
and Engineering Drawing along with papers on engineering applications, but was 
restricted to those unable to attend exempting courses, and by 1970 the IEAust 
examinations ceased (ibid. p.17). Over the period 1955-1975 the exempting public service 
examinations were also phased out.      
 
From the late 1950’s the IEAust took a stronger lead on course accreditation by placing 
requirements on entrance standards and minimum course length. In 1967 the IEAust 
signalled a move towards degree only professional membership by stating that from 1980 
a four year full time qualification would be required to meet their membership 
requirements - ‘the 1980 rule’. All engineering degree courses were four years and 
engineering diplomas were three years full time at most. In 1971, during this long period 
of diploma phase out, the IEAust also required that all engineering courses be a minimum 
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of three years full time or five years part time from secondary school matriculation (ibid. 
p.19). 
 
At this time Colleges of Advanced Education (CAEs) were being created by the Federal 
government as developments of previous teacher training colleges or new higher 
education divisions of technical colleges, creating a two tier higher education system. 
CAEs were not involved in research and funding per student was less than the universities. 
Many of the technical college engineering diploma courses were transferred to the higher 
education divisions and expanded to become four year degrees similar to the university 
courses. Like their UK polytechnic counterparts the CAEs were unable to offer honours 
classifications but this did not prevent CAE engineering graduates from becoming 
professional engineers.  
 
In this period also, course content in many engineering undergraduate programs built up to 
the point where eventually some courses had thirty or more contact hours per week. The 
recognition of the need to develop skills such as in written communication contributed to 
this. As will be discussed in Chapter 4 ‘Teaching Strategies to Develop Professional 
Attributes’ this high study load was educationally unsound and the IEAust informally 
encouraged a twenty five contact hour limit through their accreditation panels (Lloyd 
2002). 
 
A 1979 review reported that although there was wide variation, there was a general lack of 
management studies in Australian engineering undergraduate courses (Lloyd, Stokes, Rice 
and Roebuck, 1979). Continuing unsatisfactory progress in the level of management 
studies was reflected in a submission to the 1987 IEAust task force on engineering 
management education (cited Palmer 2001, p.61), the 1988 ‘Review of the Discipline of 
Engineering’ (Williams 1988) and further confirmed in the 1992 report ‘Skills for the 
Future - Engineers and Scientists Achieving Enterprise Performance’ (Bates, Martinelli, 
Lloyd, Stradling, and Vines, J (Snr.) 1992). In 1990 the IEAust introduced a policy 
requiring engineering courses to have a minimum of 5% management content from 1991 
rising to 10% by 1995. Research by Palmer (2001, p.63) indicated that by 1999 only 36% 
of Australian engineering schools met or exceeded that requirement and Palmer argues 
that the new attribute based course accreditation policies of the IEAust (discussed in 
greater detail in Chapter 4 ‘Engineering Competencies and Attributes’) effectively 
reduced these requirements (ibid.).  
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Many engineers who aspire to management positions undertake postgraduate management 
courses. Internationally the most common path is provided by Master of Business 
Administration (MBA) courses and the largest MBA course in Australia is the Association 
of Professional Engineers Scientists and Managers Australia (APESMA) MBA 
specifically designed for Engineers and Scientists. Internationally there are also master 
degree courses that cater specifically for engineering management and engineering 
coursework master degrees that include substantial management content. Nevertheless, as 
many of the reports above show, it is generally accepted that for efficient and innovative 
professional engineering practice all engineers should have a sound appreciation of 
management issues. 
 
Australia has long been unable to attract sufficient engineering students to meet her 
industrial needs. Reasons include: 
• low (and declining) numbers of Australian students studying science and mathematics 
at secondary school (‘Teaching Engineering’  n.d.), 
• the ‘British Malady’ (Rice 2001a, pp.155-6) in which a confused image of the 
engineering profession is portrayed by the media - with the outputs of engineering 
often attributed to applied science, and  
• easier access to an increasing range of alternative professional career courses. 
This is exacerbated by characteristically higher attrition rates (Rice 2001c, p.119), 
although, as Rice cautions, with the absence of comprehensive longitudinal retention rate 
data, the statistical instruments to measure this are crude. 
 
Concern with significantly high attrition rates in the science, mathematics and engineering 
(SME) majors within US universities was expressed in a 1993 (US) Co-operative 
Institutional Research Program (CIRP) report by Astin and Astin. Research by Seymour 
and Hewitt (1997, p.48) into reasons contributing directly to the decision to switch majors 
from engineering showed that 49.5% cited loss of interest in the major, 45.1% cited 
curriculum overload and over-fast pace, 40.7% cited poor teaching and 15.4% cited 
conceptual difficulties. All of these are directly affected by teaching strategies - see 
Chapter 4 ‘Teaching Strategies to Develop Professional Attributes’. 
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While statistics presented by a Deakin University internal report shows the Faculty of 
Science and Technology (predominantly the SME schools) first year withdrawal rate 
(21%) to be at the median figure for the five faculties within Deakin University (Volders 
2001, p.3), it is still significant and will be considered in the discussion and 
recommendations of this thesis. 
 
In the late 1980s and early 1990s federal government policy (Dawkins 1987, 1988, and 
1989) broke down the higher education binary system, principally through negotiating 
mergers of CAE’s with existing universities to create large multi-campus universities.  
 
Other major higher education issues relate to the rapid expansion of higher education 
(reflected internationally), international funding and commercialisation. In line with the 
international expansion of higher education, between 1988 and 2001 the number of 
students in Australian universities increased from 420,000 to 730,000 including 116,000 
overseas students (AVCC 2002, p.11). Currently 40% of Australians complete higher 
education over their lifetime (ibid. p.1). To partially offset the cost of education to the 
federal budget, substantial student fees were introduced in which students could defer 
payment until they were earning a near average salary. This salary threshold was later 
lowered. Full fee payments for postgraduate study by course work were introduced 
(impacting on the affordability of lifelong learning/continuous professional development).  
 
However, more significant is the increasing shortfall of university funding imposed by the 
federal government driving a corresponding increasing commercial focus by the 
universities in order for them to survive. (Issues surrounding this will be discussed in 
Chapter 6 ‘Education at a Distance’.) In addition, as in the UK, the increasing need for 
Australian students to undertake excessive part-time work has been detrimental to 
academic performance (Richardson 1997) (AVCC 2002, p.7). 
3.2.4 Significant Developments in Australian Engineering Education in 
the 1990s  
Several developments significant to Australian engineering education came to fruition in 
the 1990’s. The first was a restructuring of the engineering profession to provide new 
articulated pathways to professional formation including the new professional level of 
engineering technologist. The concepts were defined by Lloyd, B.E., Stokes, R., Rice, 
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M.R. and Roebuck, W.N. (1989). They were facilitated by the IEAust in opening up 
membership to Engineering Technologists and para-professionals, and by the universities 
in providing and enabling articulated pathways. Central to this was the creation of the 
degree of Bachelor of Technology as a three year degree, broader based than the 
academically more rigorous BE degree, as the basic qualification for engineering 
technologists. Circa 1994 saw the acceptance of new 3 year engineering courses from the 
Technical and Further Education (TAFE) colleges accepted as alternative qualifications, 
but as they could not compete with the BTech few were offered.  
 
The second development was distance education for engineers - the key enabler for 
articulated education for those already in full time employment. In 1991 a new school of 
engineering at Deakin University became the first to introduce engineering degrees 
primarily by distance education and the new technology degrees totally by distance 
education. While the IEAust accepted a full distance education technology degree, it was 
initially reluctant to accredit a full distance education engineering degree, so it was agreed 
that the final year of the BE course must be taken on-campus. But before the first students 
came on-campus, the IEAust, satisfied by the outcomes at Deakin University, accepted 
delivery of Deakin University’s BE courses fully by distance education. Chapters 7 and 8 
‘Education at a Distance’ and ‘Distance Education Research and Professional Practice’ 
include a more detailed discussion and describe the professional involvement and 
contributions made by the candidate to this significant development.  
 
The third development in 1997 was a fundamental shift in IEAust accreditation policy 
from a course content focus to a graduate attribute focus. This followed international 
concerns developed over at least the last three decades on attribute deficiencies that inhibit 
the employability of graduates and postgraduates in general. Over time, across a number 
of countries, there have been numerous employer surveys on this issue and gradually they 
became more discipline focused. Most significant for engineering education in Australia 
was the 1996 Review of Engineering (Johnson 1996), based on a series of stakeholder 
forums that resulted in this fundamental change in the IEAust’s accreditation policy. This 
topic, central to this thesis, is reviewed in detail in Chapter 4 ‘Engineering Competencies 
and Attributes’  
 
A further evolutionary development is the accelerating proliferation of undergraduate 
courses in specialist or hybrid areas of mechanical engineering. These include 
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mechatronics, manufacturing, industrial engineering, robotics, biomedical, automated 
machine systems, avionics, aeronautical and aerospace. While there are twenty-two 
mainstream mechanical engineering courses in Australia, there are almost as many courses 
in these more specialist disciplines (Lloyd 2001d, p.52).   
3.3 The Changing Professional Engineering Work Setting 
in Britain, the United States of America and Australia 
There are significant differences in the professional engineering employment environment 
in the US, UK and Australia as will be described below, and yet the education and 
formation process of professional engineers in Australia remains heavily influenced by 
those of the US and Britain (Lloyd 2001a, p10). 
3.3.1 The Changing Industrial Composition and Profile of Engineering 
in Britain 
Britain emerged from the (first) Industrial Revolution with a focus on medium and heavy 
engineering. Her initial manufacturing strengths were in textiles, machinery (including 
machine tools), shipbuilding, locomotives, iron, steel, copper, brass and tin-plate. Soon 
previously small scale industries such as boots and shoes, chocolate, biscuits, soap and 
tobacco expanded (Hill 1977, p.115) and new manufacturing industries were formed 
including guns and armaments – with impetus from the Crimean War (Pullin 1997, p.62). 
During the 20th century new industries took prominence in Britain. The petrochemical 
industry - pesticides, fertilisers, diesel fuel, soaps, dyes, cosmetics, nylon, DDT, and later 
plastics and the refining of crude oil - became the largest single industry, but the aircraft, 
automobile and electronics industries also became major players. A wide diversity of 
industries existed, included brewing, white goods, food manufacture, cycles and 
motorcycles. Industrial employment in the UK reached its highest proportion of the labour 
force in 1951 (Jones 1995, p.1). As with other advanced economies, service sector 
employment began to dominate employment.   
The dawn of the nuclear power industry in the 1950s26 provided significant new technical 
challenges for mechanical engineers and significantly impacted the syllabi of many UK 
university mechanical engineering courses at both the undergraduate and postgraduate 
                                                 
26 The first UK nuclear power station was Calder Hall opened in 1956. The electricity produced led to 
significant import replacement. Restrictions were placed on international sales of nuclear power, expertise 
and equipment 
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level, as had the aerospace industry earlier. In contrast, some of the older industries were 
in trouble. Coal was first challenged by oil and later by nuclear power. Shipbuilding lost 
to overseas competition particularly in the oil tanker market. Textiles declined sharply in 
the 1950s in competition with Japan, Germany and India although for a while this was 
partially offset by the development of man-made fibres such as nylon and Terylene. In the 
early 1960s the motorcycle industry was wiped out by significant competition from Japan, 
which was becoming a manufacturing based economic power to rival the USA. Soon the 
British automobile, steel and white goods industries were also under threat.  
 
However this was a period of post war economic boom and even though her industrial 
growth lagged that of her industrial competitors, by the end of the 1960s Britain’s 
industrial output was twice that of pre World War 2. Virtually full employment had been 
in place since the end of the war and wages and standards of living had soared (Hill 1977, 
p.299). Oil discoveries in the North Sea were also beginning to have a considerable 
positive effect on Britain’s economy - and highly paid career opportunities for mechanical 
engineers.   
 
But the early 1970s brought a deep economic crisis in the Western democracies: a steep 
rise in inflation and the re-emergence of considerable unemployment. In Britain this 
sparked unprecedented levels of industrial unrest which led to a further increase in 
unemployment. The policies developed by Prime Minister, Margaret Thatcher in the late 
1970s to overcome these problems dramatically changed the industrial base of Britain. 
Ironically she used the government intervention strategies of Lord Keynes, the pioneer of 
the theory of full employment, to focus not on the unemployment problem but on the 
inflation problem. This was done swiftly through a meteoric rise in official interest rates to 
dampen consumer demand. The result was devastating for the North and Midlands - the 
traditional Industrial Revolution heartland. Because of intense global competition and 
outdated repressive management practices, many of these industries competed on narrow 
profit margins which could no longer support the interest charges on their manufacturing 
infrastructure. Their collapse had a multiplying affect on supporting industries and 
communities. Unemployment reached new heights with 3 million registered unemployed 
in 1981. The newer, more up-to-date and financially secure industries, predominantly 
focused on electronics, were centred on London and the south.  
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The result, particularly for the engineering profession, was a large scale migration to the 
south and overseas and a swing in the UK professional engineering profile from 
mechanical towards electrical/electronic engineering. The IEE is now the largest UK 
engineering institution with 51,225 chartered engineers compared with the IMechE 
(41,011) and ICE (40,686) (Farrington 2002).  
 
By the year 2000 engineering manufacturing still accounted for more than a third of UK 
exports (Farrington 2001) and engineering’s contribution to UK wealth creation was 
second to none. In that year Britain’s manufacturing industry contributed 59% of all goods 
and services exported (£156 billion sterling) (ibid.). However for over a decade the high 
exchange rate of the pound sterling against the newly created euro, had reduced the 
competitiveness of UK products within continental Europe, the main destination for UK 
exports (‘Weaker euro’ 2002) and her trade deficit started to climb towards record highs 
(‘World slowdown’ 2002). By 2002 the performance of the UK industrial sectors were 
mixed: 
• The electronics industry had expanded rapidly before becoming the hardest hit industry 
in a new world recession. (‘Electronics hardest hit’ 2002). 
•  Metals manufacture, moulding and fabrication had become weak with some foundries 
likely to close (Farrington 2001).  
•  Two major nuclear power plant incidents (Chernobyl` in the USSR and Three Mile 
Island in the USA) caused reluctance in the countries of North America and Europe to 
building new nuclear fission power stations. Many established phase out programs. 
However in Asia nuclear fission power station building is booming27 with safer, more 
efficient and less complex nuclear fission power stations which produce only one tenth 
of the nuclear waste of older designs. With increasing concern over carbon emissions28 
and the rising cost of oil, nuclear fission is gaining recognition as a source of large scale 
environmentally friendly energy. There are now signs that European and North 
American governments are beginning to reconsider new nuclear power plants (Dyer 
                                                 
27 Sixteen of the twenty seven nuclear power stations currently under construction worldwide are in China, 
India, Japan and South Korea. China has a program to build thirty two nuclear power stations over the next 
sixteen years (Dyer 2004)    
 
28 In part this was sparked by Russia’s decision to ratify the Kyoto treaty, thus bringing most of the world 
(with the notable exceptions of the US and Australia) into carbon emission trading.  
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2004). Europe also has a continuing program of nuclear fusion research and a substantial 
interest in developing other environmentally friendly energy sources. 
•  World-wide the automobile industry has massive excess capacity. The UK automobile 
industry home market had plummeted to 25% and export sales were mediocre. However 
although now virtually all foreign owned, it has world class productivity levels (Wolf 
2002, p.94). 
• The chemical industry also has achieved world-class productivity levels (ibid.). 
•  At a time when the international aircraft industry was hit by the effects of the recession 
and the September 11, 2001 terrorist attacks in the US, the 2001 financial turnover of 
Airbus, a European consortium with 150,000 UK employees out of a labour force of 
435,000, increased by 10% (‘European aerospace’ 2002). For the first time its large 
aircraft orders exceeded those of Boeing (ibid.). The military sector is also enjoying a 
boom (‘Electric dreams’ 2002). Nevertheless the smaller British aircraft manufacturers, 
Augusta Westland and Shorts, were forced to shed considerable numbers of employees 
(‘Unions urge’ 2002) (‘Jury’s out’ 2002).  
•  Although investment in oil exploration and production fell from that of the surge in 
world oil prices of 1960’s there remained significant North Sea oil investment and 
corresponding increases in production rate. (North Sea wins more Shell Expro 
investment 1999)  (bp statistical review of world energy 2001 2002). The significant 
recovery in the world oil price at the start of the millennium (created by reduced OPEC 
production) brought increased oil producer engineering investment confidence (North 
Sea wins more Shell Expro investment 1999; bp statistical review of world energy 2001 
2002). 
 
This turbulence in industrial profile demonstrates the need for attributes in mechanical 
engineers that are adaptable to different industries. 
3.3.2 The Changing Industrial Composition and Profile of Engineering 
in the US and Global Implications. 
In the early 20th century the mechanical engineer F. W. Taylor led the development of the 
scientific management movement that drove a productivity revolution that resulted in  
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continuing productivity rises of 3.5 - 4% per annum compound (Drucker 1993, p.38). 
Henry Ford’s assembly line methods (‘mass production’29) in the manufacture of motor 
cars also used Taylor’s principles. Soon mass production, originally called the ‘American 
system’, was widely adopted by other US manufacturers in the production of a wide range 
of consumer goods such as washing machines and refrigerators. The US was soon to 
become the most significant manufacturing nation of the world.  Industrial employment as 
a proportion of the labour force reached it highest proportion in 1950 (Jones 1995, p.1) but 
due to continuing increases in manufacturing efficiency this did not reflect its peak as a 
producer.  
 
Taylor’s productivity principles were adopted around the world and most of this increased 
productivity has been to the benefit of the workers in the form of increased purchasing 
power, leisure, health care and education (ibid.). Drucker (ibid. p.37) suggests that 
Taylor’s greatest impact was probably in training for which the post World War II Eastern 
economic powers all owe their success. These principles and their impact on the 
development of competency based training are discussed in Chapter 4: Engineering 
Competencies and Attributes. 
 
Another American engineer, Dr. W. Edwards Deming, led Japan to her outstanding post 
war development as a manufacturing nation. Summoned to Japan in 1947 by General 
Douglas MacArthur to assist in statistically documenting the war devastation, he was 
invited to discuss his perspectives on quality management with a group of Japanese 
businessmen who quickly embraced both the man and his philosophy. Deming’s work30 
was well suited to the Japanese culture but was radically different from the prevailing 
American style of management.  
                                                 
29 Ironically it was in England that Sir Marc Brunel (father of Isambard Kingdom Brunel) had designed one 
of the first examples of mass production. Manufactured by Henry Maudslay in 1808, it was a 44 machine 
system for the British Admiralty to enable them to mass produce the same throughput of pulleys using 10 
unskilled workers that previously were produced by 100 skilled workers (Thompson 1976, p.83). 
 
30 Deming acknowledged significant influence from another American, Walter Shewhart 
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Table 3.3 Deming’s Fourteen Points 
 
It was 1981 before a group of Ford executives endeavouring to find the essence of Japan’s 
extraordinary business success discovered Deming, and his ideas became a driving force 
behind America’s quality revolution (Davids 1999). The global influence of the US 
economy should ensure the eventual global spread of Deming’s philosophy. His ideas 
apply not only to production industries but across virtually all business and government 
1. ‘Create constancy of purpose towards improvement of product and service ‘with the aim to become 
competitive….stay in business, and to provide jobs’ (Constancy of long term purpose vs. quick profits. 
This involves the need to innovate, to put resources into research and education, and a commitment to 
constantly improve the design of a product or service.)  
2.  ‘Adopt the new philosophy’ (of ‘the new economic age created by Japan.’) An exhortation also to 
address the ‘deadly diseases’ inherent in the American style of management.  
3. ‘Cease dependence on mass inspection.’ Quality does not come from inspection but from improvement 
of process. As the process is improved to reduce variation (detected for example by inspection of small 
samples for statistical control charts) defects will be eliminated. 
4. ‘End the practice of awarding business on the basis of price tag alone.’ Deming adds ‘The price tag 
is still easy to read but an understanding of total quality requires education’ (Deming 1988, p.33) and 
‘what one company buys from another is not just material: it buys something far more important, 
namely, engineering and capability’ (ibid. p.40).   
5. ‘Improve constantly and forever the system of production and service.’  ‘Quality must be built in at the 
design stage…….Teamwork in design…is fundamental There must be continual improvement in test 
methods and….understanding of customer’s needs’ (ibid.p49). Downstream there must be continual 
improvements in every activity - to reduce variation, improve quality and reduce waste.  
6. ‘Institute training.’ This relates to good foundation training on the work role which includes an 
emphasis on the standard of work required to meet customer’s expectations. Deming includes the need 
for management to learn about all the operations of the company from incoming material through to the 
customer. 
7. ‘Adopt and institute leadership.’ Deming distinguishes between leadership and target and quota based 
supervision. Supervisors should lead by focusing on providing the tools, techniques and support to 
enable people to have pride in workmanship. Point 6 is also involved in this: ‘leaders must know the 
work they supervise’. 
8. ‘Drive out fear’. Deming’s premise is that ‘no one can put in his best performance unless he feels 
secure’. He relates this not only to the fear of not meeting production quotas at the expense of quality, 
but also to fear of knowledge and the need for research and development as necessary for new business.  
9. ‘Break down barriers between departments.’ Central to TQM is the concept that departments do not 
serve management but serve their ‘internal customers’ - the departments that use their outputs. The 
various departments should work together as a team rather than focus on sub-optimising their own work. 
10. ‘Eliminate slogans, exhortations, and targets for the work force.’ These harass the workforce and 
can be counterproductive if the processes they need to achieve these exhortations/targets are not 
adequate.  
11. a) ‘Eliminate numerical quotas for the work force.’ Deming recognised quantitative production 
targets as encouraging poor quality. It is ‘incompatible with never-ending improvement.’ 
 b) ‘Eliminate numerical goals for people in management.’ Goals without a plan are an attempt to 
manage without knowledge of what to do. It is ‘usually management by fear’.  
12. ‘Remove barriers that rob people of pride in workmanship.’  
13. ‘Encourage education and self-improvement for everyone.’ Deming explains: the advances in 
competitive position have their roots in knowledge’. The ideal of continuous professional 
development/lifelong learning. 
14. ‘The transformation is everyone’s job.’ Corporate leaders must be proactive to plan, define and 
demonstrate their permanent commitment to quality and productivity. Deming introduces the Shewhart 
cycle (in Japan it is called the Deming cycle) as a significant tool in the transformation process. The 
cycle is similar in principle to ‘Action Research’.    
 
(Deming 1988, pp.18-96; Davids 1999; Phelps 1998; Levinson 1994; Cohen c.1993) 
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sectors and form the foundation of Total Quality Management (TQM), Continuous 
Quality Improvement (CQI), Six Sigma and other variants. 
 
Since his earliest Japanese lectures Deming has emphasised market research, the need to 
work as a team and include the suppliers, and the importance of controlling variation not 
just in the manufacturing process but in all business processes. His systems based 
approach is that every function and discipline of the organisation - not just those on the 
factory floor - is responsible for a product’s quality and success. His philosophy, 
expressed in his famous fourteen points, developed to became far reaching and complex 
(see Table 3.3). 
 
Whilst Deming’s points shown in italics (points 1, 5 and 9) are now well established in 
American business, other points still remain ‘controversial’ (Davids1999). This reflects 
the persistence of the traditional American style of management. The extension of 
Deming’s philosophy, that performance ratings which seek to measure contributions of 
individual employees inhibits long term planning and encourages rivalry at the expense of 
productive team work (Deming 1988, pp.101-120), has created the most controversy. Such 
strong followers of Deming as General Motors and American Cyanamid ultimately 
accepted and adopted this radical position (Davids 1999).  
 
It can be seen that mechanical engineers have a significant role in the Deming transformed 
organization and that changes to the working environment have important implications on 
professional attitudes, work practices and  relationships as well as the significance of 
various attributes - most notably team focus, innovation, communication and lifelong 
learning skills. 
 
In 1998 there were 1.5 million employed engineers in the USA (Bureau of Labor Statistics 
2000a, p.2). The largest specialist disciplinary group is the electrical and electronics group 
(357,000) with mechanical engineers forming the second biggest group (220,000). If the 
smaller specialist and hybrid disciplines of mechanical engineering (e.g. industrial, 
aerospace, petroleum, nuclear, materials etc.) were added, the number of mechanical 
engineers would be more than doubled (ibid. p.3) making it the biggest engineering 
discipline. Almost 60% of mechanical engineers are in the manufacturing industry mostly 
in machinery, transportation equipment (aerospace and motor vehicles), electrical 
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equipment, instruments and primary and fabricated metals (Bureau of Labor Statistics 
2000b, p.1).  
 
Much of the current US engineering lead can be attributed to economic advantages gained 
during the 2nd World War and the massive government space and defence related spending 
during the ‘Cold War’ that followed. The end of the 2nd World War had been marked by 
the United States dropping two atomic bombs on Japan and the Cold War drove the 
subsequent nuclear arms race, and later the space race. The US government invested 
enormous funding into the necessary science and engineering research. Much research 
funding was contracted to US industry enabling numerous technical spin-offs and 
innovations that gave various US industries significant international technical and 
commercial advantage. By 1967 it was estimated that 18% of all engineers employed by 
US industry were associated with government defence projects (H.M.S.O. cited Rice 
1969, p.59). The US lead in nuclear science also enabled it, in 1951, to become the first 
country to produce electricity from a nuclear power station31. This US government funded 
research, together with the changed research university focus on developing 
undergraduate engineering student research skills, shifted the scope of the engineering 
profession internationally from one traditionally defined as ‘an application of science’, to 
one strongly embracing fundamental research into the engineering sciences, previously the 
domain of physics (Kline 2000). 
 
Following the end of the Cold War in 1989 (signalled by the destruction of the Berlin 
Wall), space and defence programs were significantly cut back. The US space program is 
currently in transition from public funding to private funding as opportunities for 
commercial space activities unfold. However the US federal government continued to 
provide commercial advantages to the US large commercial aircraft (LCA) manufacturing 
sector, contrary to the spirit of the General Agreement on Tariffs and Trade (GATT), by 
directly funding LCA research and development through the National Aeronautics and 
Space Administration (NASA) and the Department of Defense (Lawrence, 2001). US 
public sector financial support for aerospace R&D is three times that of the EU (European 
aerospace 2002).   
                                                 
31 Following the Three-mile Island and Chernobyl incidents US investment in nuclear power was curtailed. 
The last US nuclear reactor order was in 1970. Thus mechanical engineering employment prospects are 
mainly in replacing current engineers in the operation of existing nuclear plant. There is however some 
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The strong economy of the United States enabled its industry to invest significantly in 
overseas manufacturing plants as the UK had done earlier. This was often to give them 
market access by avoiding import tariffs and providing a local presence, or to provide 
wage cost or other commercial advantages. Frequently US engineers undertake the major 
local engineering activities in these overseas plants, and the most significant engineering 
and research activities for these facilities and products are usually undertaken in the 
United States. Globalisation also resulted in considerable offshore manufacturing of US 
licensed or patented products through competitive tendering. The US went through 
immense economic growth in the 1990s and now has international market dominance in 
many significant engineering industries such as aircraft, defence, computer and associated 
hardware, pharmaceuticals and accountancy as well as significant market share in a 
diverse range of other industries such as electronics, automobiles, metals and food. US 
productivity levels measured in GDP per man-hour are now comfortably the highest in the 
world (Wolf 2002, p.139). 
 
The severe reduction in government spending in the areas of space and defence after the 
Cold War negatively impacted on mechanical engineering as has the recent global trend 
for governments and industry to out-source engineering to consultants. However the Bush 
administration has signalled a boost to defence research and manufacture spending as part 
of his anti-international terrorism campaign.  
 
Similarly, the detrimental effect on the US economy of the current volatility in oil pricing, 
along with the development of safer simpler more efficient nuclear reactor designs, may 
trigger the US to recommence a modest nuclear power program. Unfortunately the US 
decision to not ratify the Kyoto accord (and thus not be involved in carbon credits) means 
that it will have less commercial motivation to encourage research and development in 
this technology than most developed countries. 
 
As in the UK, significant swings in the US industrial environment have demanded 
significant career flexibility. However professional development opportunities for 
mechanical engineers have been second to none. They have enabled mechanical engineers 
387387 
expansion in roles relating to enforcing nuclear waste management and safety (Bureau of Labor Statistics, 
2001). 
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to gain experience in the most technologically advanced industries using the most 
technologically advanced facilities and take significant engineering leadership roles either 
at home or overseas.    
3.3.3 The Changing Industrial Composition in Australia 
In chapter 2 it was shown that the initial professional and industrial environments for 
mechanical engineers in Australia differed significantly from those of Britain and the 
United States. This continued.  
 
In 1910 more than half the working population of Australia was employed in agriculture 
(26%), manufacturing (21%) or mining (6%). Employment in manufacturing reached 33% 
in the mid 1940s (Australian Bureau of Statistics 2001a). Industry (manufacturing and 
mining) remained fairly constant from 1947 until 1965 (Jones 1995, p.1) But by 1999 
manufacturing had fallen to 12%, agriculture to 5%, and mining to <1% (Australian 
Bureau of Statistics 2001a). In line with most advanced economies, service industries now 
form the biggest employment sector (ibid.). 
 
The composition of the manufacturing industry has also changed considerably. Textiles, 
clothing and footwear (TCF) accounted for 34% of all those working in manufacturing in 
1910-11. By 1999 this had fallen to 7%. However the other major segment of 
manufacturing in 1910-11 was metals, engineering and vehicles which accounted for 22% 
of manufacturing employment. This grew substantially until the mid 1940s (44%) and 
remains the most significant manufacturing employment segment (37% in 1999) (ibid.). 
 
Throughout most of the 20th century high import tariffs shielded Australia’s 
manufacturing industry from international competition for its small home market. This led 
to an inefficient and internationally uncompetitive manufacturing industry. Agriculture 
and mining provided the main exports. In the latter half of the century the largest 
consuming nations of the world, the US and the European Community severely restricted 
Australia’s market access through increasing import tariffs. Australia reversed her stance 
on tariff protection to become a leading proponent of free trade. By scaling down import 
tariffs Australian manufacturers were forced to compete against cheaper imports and 
become more internationally competitive. 
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During 1999-2000 manufacturing contributed $74 billion in value to Australian 
production. At 13.1% that was more than any other single industry sector but significantly 
less than in the US and UK. Further, as the average annual growth rate of manufacturing 
(1.8% per annum between 1974-5 to 1999-2000) is the lowest of any Australian industry 
sector (Australian Bureau of Statistics 2001b) it is projected to be overtaken by the 
property and business services industry within the next few years. Table 3-4 shows the 
national economic contribution and composition of the Australian manufacturing industry. 
The Australian Bureau of Statistics (ABS) report provides only the most significant 
maximum and minimum values as reflected in the table. (Minimum values are shown in 
italics.) The table shows the best performing Australian manufacturing industry 
subdivisions in terms of industry value added (IVA) were (in descending order): 
• food, beverage and tobacco32  
• machinery and equipment manufacturing 
• metal products 
• petroleum, coal, chemical and associated product 
 
Within these industry subdivisions the biggest contributions were from motor vehicle and 
automotive component manufacturers, the meat, wine and dairy industries, basic iron and 
steel manufacturing, structural steel fabrication, medical and pharmaceutical products, and 
plastic injection mouldings. These include industries potentially most significant for 
Australian mechanical engineers.  
 
Australia has never had a nuclear power industry, and its technical involvement in 
aerospace and armaments is limited33 but we do have in common a number of major 
manufacturing industries such as oil, automobiles, and steel. 
 
                                                 
32 The Engineering course study of Chapter 9 is based on this manufacturing industry subdivision 
(excluding tobacco but including pharmaceuticals). The previous Victorian Government predicted that the 
food industry held the greatest promise for growth in Victoria and subsequent growth confirmed this.  
 
33 The most significant space programs were by the US and USSR governments. However the UK and other 
close allies also benefited from US space contracts. For example in the UK in the early 1970s, Lucas 
Aerospace was commissioned to design and build a fuel tank for an undisclosed US space mission. (I 
carried out the stress analysis upon which the design was based.) In 1985 Britain created the British 
National Space Centre (BNSC) with a current budget of £180 million per annum, and is also a founder of 
the European Space Agency (Pope 2001). 
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  Table 3-4 The Relative Contributions of the Manufacturing Industry Subdivisions to the Australian Economy. 
(Source: Australian Bureau of Statistics (ABS) 2001b34) 
Industry Subdivision TMIVA35 TMIVA Major industry classes 5 year IVA 
 increase36 
% Employment in 
manufacturing. 
Exports 
1999-00 
Exports increase  
from 1998-99 
Food beverage & tobacco 20.8 % Meat 2.2%, Wine 2.2%, Dairy 1.5% 15.1% 18.1% $10,959m 18.0% 
Machinery & equipment 19.1% Motor vehicle 2.4% Auto parts 2.0%  12.3% 21.5% $7,796m 19.9% 
Metal products 15.5% Basic iron/steel 2.5% 
Structural steel fabrication 1.8% 
 15.6%   
Petroleum coal, chemical & associate 
products 
14.3% Medicinal/pharmaceutical 2.4% 
Petroleum refining 1.8% 
Plastic injection moulding 1.5% 
14.9%    
Non-metallic mineral products    3.8% (least)   
Wood & paper products   Structural components (wood) 1.6%  
Furniture/upholstered seats 1.5% 
12.7%    
T.C.F & leather   (- 8.1%)  $1,459m 16.5% 
Printing publishing and recorded 
media 
 Newspaper print/publish 4.4% 
Printing 3.3% 
    
Other manufacturing   3.5 (least increase) 5.8%  (2nd least) $239m 57.2% 
Total/average   11% average  $36,834m 13.9% average 
                                                 
34 Based on a sample of approximately 17,000 manufacturing establishments for the tax year 1999-2000, 
35 TMIVA is the (percentage of ) Total Manufacturing Industry Value Added 
36 5 year IVA increase is the increase in Industry Value Added over the period 1994-95 to 1999-2000. 
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Most large manufacturing facilities in Australia are owned by overseas companies. 
Originally this was mainly UK investment but more recently the US and Japan have 
invested considerably. Many of these facilities are effectively ‘branch offices’ of the 
overseas parent companies that maintain their main engineering and research base in 
their home country.  
 
The small size of Australia’s home market is a major differentiating factor between 
the three nations of our study. At around twenty million, Australia’s population is 
dwarfed by that of the US (278 million). The US also has a number of separate ‘free 
trade’ agreements with other countries, and one proposed with Australia could, 
subject to the terms of the agreement, considerably benefit Australia. With the 
highest standard of living in the world the US market currently provides the biggest 
consumer market.  
 
Nevertheless the European Union (EU), which the UK joined in 1972, is already 
substantially bigger with 450 million. Further substantial expansion of the EU to the 
east and south is anticipated over the next few decades with Romania, Bulgaria, 
Turkey and Croatia currently in negotiations. As new entrants are developed 
economically through EU programs it can be anticipated that the EU will provide a 
substantially larger consumer market than the US within the next few decades. 
However the British National Institute of Economic and Social Research (NIESR) 
argues that even in Europe, growing competition from mass producers of 
standardised goods in lower wage countries has led to a focus on small and medium 
batch high value added products (Mason 1999, p.6).  
 
Over a longer term two developing Asian countries, India and China, with 
populations of 1.08 billion and 1.31 billion respectively, have the potential to 
dominate world trade as their economies grow. It is generally anticipated that China 
will be first37.  
                                                 
37 Wilson and Purushotham (2003, p.4) of Goldmanan Sachs predict India’s economy will be larger 
than all but the US and China by 2033 and that China’s GDP will overtake that of the US by 2039.  
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3.3.4 The Australian Professional Engineering Environment: 
comparisons with the UK and US. 
As well as differences in industry composition, home market size and foreign 
ownership, there are several other special factors in the Australian professional 
engineering work setting. 
3.3.4.1 Civil infrastructure 
The large area and small scattered population of Australia has led to the construction 
and maintenance of civil infrastructure consuming a greater share of the nation’s 
wealth than in the US and UK. Thus civil engineering once comprised over half of 
Australian engineers (now 35%) whilst mechanical engineers have maintained a 
steady 20%. The proportion of electronic, computer and communications engineers 
is rising rapidly and already over 30% (Rice 2001c, p.123)  
 
The civil infrastructure factor also resulted in a high proportion of public sector 
Australian engineers (60% in 1938 (Lloyd 2001b, p.17), 60.3% in 1965 (Rice, 1969 
p.50) and 60% in 1989 (Rice & Lloyd 1990, p.vii). Thus the public sector became 
the largest provider of experiential training for Australian professional engineers. 
However by the year 2000 the proportion of engineers employed in the public sector 
had plunged to 17% (Lloyd 2001e, p.30) through the privatisation of the utilities, 
public sector staff downsizing programs (Westwood 1999) embracing the practice of 
outsourcing, and ‘de-engineering’ (see later). However as the proportion of 
professional mechanical engineers in the public sector has always been less than for 
civil and electrical engineers, the impact on mechanical engineering has also been 
less. 
3.3.4.2 Low professional engineer employment density in manufacturing 
Traditionally mechanical engineers are most significantly represented in the 
manufacturing sector. However Lloyd and Rice (1986, pp 82-3) showed that the 
Australian professional engineering employment density relative to other employees 
in the manufacturing sector was only about 25% of that in the US and that the US 
ratio could be safely assumed to be broadly similar in France, West Germany and the 
UK. In addition, a 1985 (Australian) Bureau of Labour Market Research (BLMR) 
report (cited ibid. p.108) indicated ‘a high proportion’ of mechanical engineers (sic) 
with ‘no formal qualifications’. 
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Associated with these two factors is the limited involvement in R&D (discussed 
below) and major engineering design by Australian private industry. A large share of 
Australian manufactured products and manufacturing processes are designed and 
developed overseas and subject to high licence costs and export restrictions. 
Fitzpatrick and Wheelwright (cited Rice 1969, p.53) quoted ‘one authority’ as stating 
that in 1962 more than £50 million per year in licensing costs was being paid to 
overseas firms. In addition, approximately 80% of Australia’s secondary industry 
was in some way restricted from export due to licensing restrictions.  
 
Australia has long been unable to recruit and graduate sufficient engineering 
students, and has depended on substantial recruitment of migrant engineers. In 1989 
migrant engineers formed 21.5% of the profession (Rice and Lloyd 1990, p.vi). In 
the four years 1988/9 to 1992/3 the number of foreign born engineers to become 
permanent settlers in Australia almost equaled the number of Australians who 
graduated as engineers in the same period (Rice 2001c, p.118). However changing 
salary differentials between countries have made Australia’s engineering salaries less 
internationally attractive. Over the last decade there has been a fluctuating but 
overall fall in the annual intake of immigrant professional engineers from an average 
of 3180 per annum over the period 1988/9 - 1991/2 to an average of 1922 over 
1996/7 - 1999/2000 (Rice 2001c, p.126), and a significant steady increase in the rate 
of Australian engineers migrating from Australia - 315 in 1988/9 to 1059 in 
1999/2000. 
 
Nevertheless, rationalisation exercises driven by destructive economic ideologies 
began in the depression of the late 1980s/early 1990s, leading to the shedding of 
engineering staff in favour of using external engineering consultants. Some 
companies shed all their engineers with total loss of engineering corporate memory, 
(Lloyd 2001g, p.158), and linked with this their ability to keep ahead of the 
competition by both continuous technical development and technical innovation38.  
 
The IEAust warned of long term consequences in the supply of professional 
engineers. While the government and large industrial employers have previously 
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recruited graduate engineers and provided professional development, contractors do 
not recognize this as part of their responsibilities (Westwood 1999) (Lloyd 2001f, 
p.133).  In contrast, although there is a much higher employment density of 
engineers in the UK, for several decades there has been continuing concern for 
professional engineer shortages. Most employers give priority to positive forms of 
action such as increased expenditure on recruitment and advertising to attract more 
into the profession, training initiatives, and improving links with university 
departments, rather than negative short term measures such as use of consultants, 
increasing overtime (5%) or turning away new orders (Mason 1999, p.8).   
3.3.4.3 Inadequate expenditure on engineering research and development. 
Although in the US and UK expenditure in engineering R&D (and significantly 
mechanical engineering R&D) has returned substantial contributions to their national 
economies, Australian industrial and government engineering research expenditure is 
meagre. Rice’s analysis (2001b pp.187-8) shows government distribution of research 
expenditure to be crudely proportional to the relative numbers of engineering and 
science graduates, and for Australia the ratio of science to engineering students is 
abnormally high. For every 100 engineering graduates in 1998 there were 244 
science graduates (ibid. p186).    
 
Participation in private sector engineering R&D is also very low. As mentioned 
previously, Australian industry is characterised by overseas-based multinational 
companies that usually conduct their main design and R&D in their head offices and 
limit their use of local engineering personnel to making adaptations necessary to suit 
local conditions. Rice (2001a, p.149) suggests the structure of Australian industry 
and the poor comprehension of engineering and benefits of industry based 
engineering research and development by executive management in Australia, may 
also be factors. 
 
Rice and Lloyd (1990, p.68) show that in proportion to population, Germany (1985) 
had 8.1 times as many engineering researchers as Australia (1987), the US (1984) 
had 5.3 times as many, and Japan (1985) had 2.8 times as many. While these figures 
are too old for accurate current international comparisons, the extreme differences 
387387 
38 There is now anecdotal evidence in Australia of a reversal of this trend with some major companies 
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clearly indicate the underlying relative national priorities given to engineering 
research and relate to issues such as the low professional engineering employment 
density in Australian manufacturing and the relatively lower contribution of 
manufacturing to the Australian economy. But, even as a proportion of the 
(qualified) professional engineering labour force (PELF), figures presented in Table 
3-5 show the US still has more engineers engaged in R&D than Australia and this 
will be boosted substantially with the new Bush administration initiative on defence 
related research and manufacture.  
 
Table 3-5 Primary Work Activities of Australian and US Engineers  
(Source: Rice 2001a pp.148-9) 
Primary Work Activity Australian Engineers39    US Engineers40 
Research & Development 10.5% 32.6%41  
Design 14.9% (mainly included in R&D) 
Management 32.8% 30.2% 
Teaching and Training 0.8% 2.3% 
Production 11.5% 17.4% 
Construction supervision 7.4%  
Other 22.1% 17.5% 
Total 100.0% 100.0% 
 
The US proportion of engineers in R&D is slightly higher for engineers in the 
industry sector. The proportion of recent mechanical engineering bachelor degree 
graduates engaged in R&D at 54% (National Science Foundation 1997) is much 
higher than other engineering graduates and rises to 60% for those with recent master 
degrees. Whilst no equivalent figures for engineering research are available for the 
UK, the Engineering Employers’ Federation has expressed the need for greater 
investment in industrial R&D (and new technology) as major strategies to rescue the 
387387 
rebuilding their engineering departments.  
39 The figures for Australian engineers were based on averaging results derived from four six-monthly 
APESMA surveys between 1998 and 2000.  
 
40 The figures for US engineers were based on surveys by the National Science Foundation of the U.S.  
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manufacturing industry (‘World slowdown’ 2002; Radley 2002). Similarly, concern 
for the future of university engineering research and the future implications on the 
economy has been expressed by the Royal Academy of Engineering (‘Royal 
academy’ 2002). 
3.3.4.4 De -engineering and its consequences 
Lloyd (2001e, p.28) defines de-engineering, an Australia phenomenon that began at 
the end of the 1970s in both the public and private sectors, as ‘the managerial 
approach whereby engineers are replaced in the management and leadership of 
engineering functions by non-engineers’ and indicates that poor management skills 
in engineers were a significant cause.  
 
Australian engineering undergraduate education, focused on the discrete branches of 
engineering science, did little to develop attributes such as an ability to control 
capital expenditure, and accountability42 within a range of social and environmental 
issues. De-engineering reduced promotional opportunities into engineering 
management and was compounded by the move in industry towards flat management 
structures which removed middle management opportunities.  
 
De-engineering has significant and dangerous consequences in both the private and 
public sectors with non-engineers controlling engineering projects, calling for 
tenders and accepting the lowest bid without the ability to ascertain either the 
engineering integrity of the proposal or the engineering competency of the bidder. 
This is even more serious with the risk of unqualified ‘mechanical engineers’ 
amongst the contractors. 
 
Yates (2000, pp 52-7) describes three recent fatal Australian engineering disasters; 
the Royal Canberra Hospital implosion in which a child spectator was killed, the fire 
387387 
41 There are some differences in the definitions used in each nation’s surveys. The definition for R&D 
in the US includes product and process development including the design of product and 
process/manufacturing plant.   
42 Ironically in the US, UK and Singapore the finance sector are recruiting engineers and scientists for 
their advanced mathematical and analytical skills for employment in advanced financial areas such 
derivative pricing and hedging, forecasting, portfolio management and risk management. This has 
created the new fast growing discipline of ‘financial engineering’ involving a diverse range of 
engineering and science methodologies such as systems engineering, stochastic calculus, operations 
research, numerical methods and neural networks. Several universities in these three countries are 
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aboard HMAS Westralia which killed four and the ESSO Longford explosion which 
killed two and injured a further eight (and caused significant disruption to the state 
gas supply for three weeks). Analysis of the various official reports on the 
investigations revealed that ‘failure to fully assess the competencies of the 
contractors and sub-contractors’ and ‘failure to deliver accepted engineering 
practice’ contributed to both the HMAS fire and Royal Canberra Hospital disasters. 
‘Lack of technical expertise’ contributed to all three disasters.  
 
Internationally there have been numerous well reported examples of major disasters 
in both government and private works that have been identified as caused by the use 
of non-engineers undertaking work of a professional engineering nature. ‘The most 
infamous of all modification accidents’ was the UK Flixborough disaster of 1st June 
1974 where a vapour cloud explosion caused by the fracture of a newly installed 
temporary flexible pipe at a Nypro cyclohexane oxidation plant completely destroyed 
the plant and nearby houses, killing twenty eight operators and injuring 89 operators 
and neighbours (Vassilakis 2000). The temporary modification was conceived and 
constructed by non-engineers who did not know how to design large pipes equipped 
with bellows. As the official report stated, ‘they did not know what they did not 
know’ (ibid.).  
3.3.4.5 Engineers: the competitive factor 
Employment of non engineers in engineering positions also ignores the value of the 
underpinning education and training of a professional engineer to enable a company 
to maintain a competitive commercial position through technical leadership of 
product and process. Citing a number of research papers by the National Institute of 
Economic and Social Research as evidence, the (UK) Engineering Council (2002) 
states that ‘employment of well qualified scientists and engineers pays off in terms of 
competitiveness’43 and that ‘where the UK loses out in terms of skill level of 
engineers (and scientists) and in the associated innovative activity, the loss of 
competitiveness occurs’.  Similarly in Australia, the Department of Employment 
Education and Training (1998) acknowledged that ‘an adequate workforce of highly 
387387 
running master degrees in this new discipline, mostly in their engineering and mathematics 
departments (Hwa and Ng 2002). 
43 The Malpas Report also indicated that most large UK public companies (other than purely 
financial) rely on engineering to be competitive. (See page 1, Chapter 1 Introduction) 
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qualified engineers is of primary importance for economic progress dependent upon 
Australia moving into high technology, advanced manufacturing areas in an 
increasingly competitive market’. 
In the UK an Engineering and Maritime Training Authority (EMTA) survey in first 
quarter 1998 showed that across all sectors 10% of engineering companies that had 
sought to recruit new or replacement professional engineers had difficulties filling 
vacancies (Mason 1999, p.1). Mason (ibid, p.8) expressed concern that protracted 
recruitment problems would be more likely to effect the development of new 
products than output of existing products and that ultimately this could ‘cure’ skill 
deficiencies by losing market share or going out of business.  
 
Creativity, experimentation and commercial skills were key components of the 
innovation process crucial to the success of the great British engineers that drove the 
Industrial Revolution. Innovation is the process through which technology based 
enterprises generate wealth (Aslaksen 1996, p.6) and so is just as significant today. 
Aslaksen splits the innovation process into four sub-processes: research and 
development (including invention) to produce the stock of technology, market 
research, engineering (matching ‘a need with a service (or product) to satisfy that 
need’), and marketing. Of these, Aslaksen suggests, engineering is the creative and 
integrating central element. Creativity lies at the core of engineering but ‘has become 
obscured by an obsession with technology and engineering science, particularly in 
universities’ (ibid. p.7). The attributes necessary for innovation are amongst the wide 
range of attributes discussed in Chapters 4 and 5 ‘Engineering Competencies and 
Attributes’ and ‘Teaching Strategies to Develop Professional Attributes’.  
 
Nevertheless, to be effective the research and development and engineering phases of 
the innovative process must be informed by the professional engineering knowledge 
base. As the world’s engineering knowledge base expanded towards the end of the 
Industrial Revolution, it was those better educated in engineering science in the 
higher education institutions of France Germany and later the US that took the lead. 
Thus the knowledge base that delineates mechanical engineering as a professional 
occupation must not weaken in the attribute focus, but be developed and made more 
relevant. Further, the engineer’s knowledge base following graduation must continue 
to be developed to maintain continued relevancy through continuous professional 
development. Failure to maintain and up-date the engineer’s knowledge base – 
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including a knowledge of when those with specialist engineering knowledge should 
be engaged – will also result in increased risk of engineering disasters.  
3.4 Peroration 
Internationally the professional practice of mechanical engineering is in the midst of 
momentous change, including organisational, technical and societal expectations. 
Earlier in this chapter the potential impact on professional practice that should result 
from the eventual widespread acceptance of Deming’s principles was briefly 
discussed. Other significant developments transforming the role of the mechanical 
engineer include: 
• The rapid developments of computer technology and of computer aided 
engineering (CAE) software. Internationally, competence in the use of 
particular CAE and or CAD programs is becoming a standard requirement in 
the recruitment of mechanical engineers (see for example regular recruitment 
advertisements in the IMechE magazine ‘Professional Engineering’). Linked 
to Internet and company Intranet based communication systems, these 
developments also form the key enablers for the next two points. 
• Concurrent Engineering. In line with Deming’s principles, the three main 
elements of concurrent engineering are cross-functional teams, parallel 
design and vendor partnering. It focuses on product life cycle from concept to 
disposal and as such endeavours to bring into the initial design stage 
expertise and views from all concerned throughout the life cycle. It considers 
aspects such as quality, cost, user requirements, manufacture and 
maintenance. 
• Global design and research. This is significant in multinational companies 
and specialist engineering consultancies where, typically, specialist expertise 
in one country is consulted by those in another country. This is supported by 
the increasing development of English as the global language (Wolf 2002, 
p.222). 
• Environmental and safety awareness across the utilities, manufacturing 
processes and products demand increasing expertise in engineering analysis 
and a broader knowledge base. Stricter legislative controls and greater 
awareness of the environmental impact and safety of engineering processes 
have refocused manufacturing and process design, and customers’ 
Chapter Three Mechanical Engineering: 20th Century Developments   85   
 
expectations increasingly demand safer and more environmentally friendly 
products. Stricter legislation relating to occupational health and safety and the 
safety of the general public are further issues. 
• The Information Revolution. Jones (1995, p.12) also refers to this as the third 
industrial revolution or the post-industrial era – where the service sector 
(welfare, education, administration, and information transfer) has become the 
dominant employer in advanced economies. Jones (1995, p.12) describes the 
‘sustaining theme of the Information Revolution’ as being a focus on pure 
and applied research resulting in significant major achievements in fields as 
diverse as atomic fission and fusion, supersonic aircraft, the motor car, 
investigation of outer space, computers, micro-electronics, robotics and 
materials44. Thus the profession’s post world war II US led paradigm shift 
into research was significant for its future45.  
 
Thus for relevance, a course designed to develop Australian mechanical engineers 
must remain up-to-date with the accelerating changes in international mechanical 
engineering practice and research. Nevertheless, the focus should be on the 
professional practice, industries and research most significant to Australia whilst also 
considering the needs of the increasing regional overseas student market now 
necessary for the economic survival of Australian higher education. Yet the design 
and operation of Australian mechanical engineering courses are substantially 
informed by Anglo-American approaches.   
 
In colonial Australia, the system of higher education and culture of mechanical 
engineering were derived from the UK with notable influence from the IMechE 
(Lloyd and Rice 1986, p.20). Throughout the 20th century the global mechanical 
engineering university curriculum46 became increasingly influenced by the US. Most 
engineering text books written in English are either from the US or Britain and, as 
                                                 
44 Most significant discoveries have been through government funded large-scale collective research 
and development rather than industrial research directed at producing new goods and services (Jones 
1995, p.12) 
 
45 However for Australian mechanical engineers see section ‘Inadequate expenditure on engineering 
research and development’ under ‘The Australian Professional Engineering Environment’. 
 
46 The meaning here extends to development of all attributes rather than just a knowledge base. 
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stated earlier, English is becoming the new world language. The US scientific 
publication rate is also considerable. In 1980 37% of the world’s refereed scientific 
publications were from the US (Clark cited Wolf 2002, p.218). Australia’s particular 
political and commercial relationships with these countries intensified this Anglo-
American influence in the mechanical engineering curriculum. Whilst the suitability 
of this curriculum to professional practice in the US and UK has been questioned47, 
the considerable differences in the professional employment environment make a 
heavily Anglo-American influenced Australian mechanical engineering curriculum 
even more questionable.  
 
As discussed earlier, the Vice Chancellor of the University of Birmingham Professor 
Sterling FREng acknowledged in 2002 that degree standards (world-wide) have 
fallen over the last 20 to 30 years (Woodward 2000). However it must also be 
acknowledged that with the decline in supply of paraprofessionals48 throughout the 
developed world, graduate mechanical engineers are increasingly employed in roles 
previously performed by paraprofessionals. The increase in stratification in the 
higher education sector resulting in greater downward variation in content and 
academic standard of engineering degree programs would seems to fit the need for 
this wider range of roles. But the dangers are clear. 
 
The tremendous technological and scientific advances of the 20th century demanded 
rising academic standards in the engineering knowledge base and analytical skills of 
mechanical engineers world wide. Previous expectations were that mentorship under 
the supervision of senior engineers in subsequent work-based professional practice 
would develop any additional attributes necessary for profession practice. But it can 
be seen that opportunities for work-based professional mentorship in Australia are 
limited by the low professional mechanical engineer employment density in the 
manufacturing industry and the high proportion of unqualified mechanical engineers 
in industry (Lloyd and Rice 1986, p.108) resulting from a lack of understanding of 
the professional role of the mechanical engineer in certain industrial sectors. There 
                                                 
47 See for example Johnstone (1961) and Shea, West and Douglas (1996).  
 
48 Whilst the availability of distance education and articulation pathways to the mechanical 
engineering profession draws from the significant minority groups of paraprofessionals and artisans, 
as has been demonstrated in Germany, the availability of these pathways should help to attract more 
entrants to technologist and associate roles. 
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are also reduced opportunities for R&D, advanced engineering design and 
engineering management roles. Further, the poor engineering management skills in 
many current senior engineers which played a major role in the Australian 
phenomenon of de-engineering (Lloyd 2001e, p28), also show that it is inappropriate 
to rely significantly on tutelage as preparation for engineering management roles.  
 
Industry increasingly demands mechanical engineering graduates who can contribute 
‘from day one’ and graduates are often recruited on the reputation of their 
universities in developing industry-ready graduates. It falls, therefore, on the 
universities to develop appropriate attributes in their mechanical engineering 
graduates.  
 
There are considerable challenges in developing this broader range of attributes 
without compromising the characteristic mechanical engineering knowledge base 
and analysis attributes. Moreover the rapid expansion of the higher education sector, 
reduced government funding per student, and reduced popularity of engineering 
careers have resulted in a reduced average intake standard for mechanical 
engineering courses and a decline in time and attention available to each student. In 
addition the increasing need for part time employment has reduced the time for study 
and made students ‘assessment aware’.  
 
Nevertheless failure to adequately meet these critical challenges will not only impede 
Australia’s economic progress but provide greater risk of engineering disasters. 
Whilst the third tenet of the IEAust Code of Ethics (IEAust 2000) demands that 
members shall act only in areas of their competence, without the appropriate attribute 
level graduate mechanical engineers may be unable to recognise their competence 
limits. In the words of the official report on the Flixborough disaster, ‘they (may) not 
know what they (do) not know’.   
 
To meet these challenges a focused, effective and efficient approach to educational 
delivery responding to the assessment awareness culture is essential, and must 
embrace a clear and detailed understanding of the attributes needed for the effective 
mechanical engineering professional practice in Australia. 
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4 - Engineering Competencies and Attributes 
 
4.1 Introduction 
Until the late 1960s traditional university engineering education focused on teaching 
the various branches of science, mathematics, engineering science and engineering 
applications. The approach was information driven and focused primarily on analysis 
and solving idealised problems isolated within a branch of engineering. Although 
most also had engineering design as a core study, frequently this also used idealised 
problems. The final year project often was the only mechanism by which students 
could gain experience in synthesising the discrete elements and address real 
engineering problems.  
 
Many courses failed to consider the impact of factors outside of the core curriculum. 
Consequently many graduates entered professional employment without sound skills 
in applying problem solving to real, holistic and complex situations or essential 
attributes for engineering practice. Recognition of the limitations of this approach in 
developing useful and productive engineers led to the broadening of the curriculum 
to include management studies and embrace synthesis in engineering design. As 
limitations in graduate abilities became known (often by general employer surveys 
into graduate skills), deficiencies were ‘solved’ by adding material (such as written 
and oral communication) to the ‘management’ units. 
 
In the 1999 Royal Academy of Engineering manufacturing lecture, Richard Parry-
Jones of Ford Motors claimed university engineering courses in the UK had 'a 
mindset that relies too heavily on physics' (Pullin 1999a). However, when the 
competency based education and training (CBET) approach came of age, many 
professional bodies, including IEAust, began adopting competency principles. This 
represents a fundamental move in focus on course assessment from content to 
graduate outcome, and can be expected to create significant and far-reaching changes 
in the development of professional engineers in the 21st Century. 
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Because of the failings of the original US version of CBET (Bowden and Masters, 
1993, p45), which was predominantly focused on trade skills, many educationalists 
understandably, resisted adopting this approach in the development of professional 
graduates. However, the new approach applied to professional education represents a 
fundamental shift in CBET. When applied appropriately it should avoid the failings 
of earlier forms of competency approaches, as well as addressing problems in 
traditional university engineering education.  
 
This chapter describes early developments of competency based education and some 
lessons learned from approaches taken, and considers the training reform agenda for 
artisans. That is followed by brief descriptions of the three main approaches to 
competency research that inform development of professional competencies. Focus 
on professional competencies gained impetus in the engineering profession during 
the 1990s, and led to development of an attribute-based approach by IEAust to 
course accreditation. The chapter concludes with a discussion on other significant 
attribute requirements for graduates in general and engineers in particular. Chapter 5 
then discusses a range of teaching and assessment strategies to shape learning and 
develop the IEAust attributes and other significant attributes.  
4.2 Origins of Competency-based Education 
Although the current use of the word ‘competency’ dates only from the 1960s, the 
origins of competency based education and training lie in the ‘objectives-in-
education’ movement at the end of the 19th Century. The approach was based on the 
principles of scientific management pioneered by the American mechanical engineer, 
Frederick W Taylor (1856-1915), whose approach to work study and productivity 
improvement involved breaking down job functions into very detailed elements. His 
research into time study was based on four objectives of which the first two can be 
seen as forming the basis of the objectives-in-education movement: 
1. Development of a science for each element of work (i.e. a detailed task analysis). 
2. Training, teaching and developing the worker for the specific task for which he or 
she was selected.   
  (Objectives summarised from Currie, 1963, p3) 
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The objectives-in-education movement was the first of five generations of the 
competency/objectives movement (Callahan 1962; Davies 1976; Neumann 1979; 
Brown 1994). Work in the scientific management field developed from Taylor’s 
preoccupation with time to complete a task, into method and motion study pioneered 
by Frank and Lillian Gilbreth who considered time as only a secondary 
consideration. During the 1920s and 1930s this led to the second generation of the 
objectives/competency movement - ‘mastery learning’ (Block 1974; Brown1994). 
The time factor was removed entirely and the emphasis was on demonstrating 
competency in detailed specific content and tasks to a set level. Interest in this 
approach declined during the Great Depression of the 1930s mainly due to three 
factors: significant decline in employment, the competing educational model - 
‘progressive education’ - developed by John F Dewey and the decline in popularity 
of Taylorism. A so-called third generation developed during World War 2 to train 
people in high level technical skills for the war effort. The use of programmed 
instruction and elements of psychology were applied to the design of vocational 
education and training programs (Neumann 1979; Noble 1991; Brown 1994.). In 
many respects the approach was little more than a revival of the mastery learning 
model. 
 
Although parallels of some aspects of competency-based education and training with 
the scientific management movement are clear, some researchers (Bowden and 
Masters 1993; Eraut 1994) consider the first three generations to be ephemeral, and 
regard the post World War 2 ‘behavioural objectives’ movement as forming the real 
start of competency-based education. It was during this period that the word 
‘competency’ first appeared in its modern context. 
 
The behavioural objectives movement focused on the intended outcomes of learning, 
and instructional objectives were set as changes in observable behaviour. An 
important feature was the desire to set outcomes that could be reliably observed 
allowing little latitude in interpreting that the competency had been demonstrated. 
Three descriptors were involved:  
• Performance: described the behaviour the learner should be able to 
demonstrate following the training. 
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• Standard: specified the minimum acceptable level of proficiency for that 
performance.  
• Conditions: specified the training conditions, e.g. equipment to be provided.      
  
The fifth generation of the competencies/objectives movement is ‘Competency-
Based Education and Training’ (CBET). CBET began in the United States in 1967 
when the Office of Education called for proposals for primary teacher education 
programs (Bowden and Masters 1993). Summarising Burke et al. (1975), the 
principles underlying the early US implementations of CBET were: 
• The instructional program is based on specific competencies. 
• The instruction is organised into units of manageable size. 
• Instruction is arranged to suit learner needs, preferred sequence, and pace. 
• Progress is determined by demonstrated competence 
• Learner is kept informed of his/her progress throughout the program. 
 
CBET had its origins in US higher education. Its initial application in teacher 
education extended during the 1970s to engineering, dentistry, medicine, nursing, 
and law. Considerable federal and state funding into CBET research and 
development encouraged this. However by the mid 1980s CBET was criticised as 
mechanistic and was in demise. There was general agreement that its failing was its 
use of job function analysis - often based primarily on motor skill analysis - leading 
to unwieldy lists of precisely specified performance based competencies (Bowden 
and Masters, 1993, p45). Many considered this approach to be too narrow and task-
oriented to be valid. 
 
There was little interest in the UK in CBET until the early 1980s. In 1988 it was 
adopted as part of the British government program to reform the system of vocational 
qualifications. The failings of the US version of CBET were recognised and the UK 
Training Agency recommended adoption of a new development method called 
‘functional analysis’. 
 
The reason the competency based movement failed in the early 1970s was essentially 
the same as for the ‘objectives in curriculum’ movement forty years earlier. In both, 
stated objectives were derived from an activity analysis, and the volume of narrowly 
specified tasks made this analysis unwieldy. Functional analysis broadened the 
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definition of competence by analysing employment functions rather than narrowly 
specified tasks.  Jessup (1991, p.129) commented: 
The dangers of a narrow specification of competence or outcome are now well recognized. The 
new competency based movement is attempting to go back to fundamentals and look at what is 
really required for successful performance or the achievement of successful outcomes in any 
field of learning. .... There would be no intrinsic reason why the specification of outcomes 
should be narrow. 
 
Functional analysis involves first determining the key roles undertaken by a 
competent worker at a particular level, and dividing them into distinct functions 
called ‘Units of Competency’. The Units then were broken down into assessable 
‘Elements of Competency’. ‘Performance Criteria’ were then determined to enable 
assessment of performance in each element. More recently ‘Range Statements’ were 
added, recognising that satisfactory performance in a Unit or Element might vary 
with the context. In an extreme example, both a carpenter and a surgeon may be 
highly skilled in using a handsaw, but the context in which they use this skill is very 
different!  
 
The functional analysis model of CBET was adopted in Australia in the 1990s as part 
of the training reform agenda and was recommended to bodies developing 
competency standards. 
4.3 General Competency Agenda 
The training reform agenda, initially driven by changes in industrial relations, 
became an Australian national training policy developed with agreement from the 
federal, state and territory ministers and support from peak employer and employee 
interest bodies. It was formalised in 1992 and had five main themes: 
• nationally consistent CBET standards 
• national recognition of competencies irrespective of how, when, or where 
 learning occurred 
• a more open national training market 
• improved access to vocational education for disadvantaged groups 
• a unified national entry level training system.  
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As part of a national competency agenda, the set of key competencies proposed by 
the Finn committee (Australian Education Council Review Committee, 1991) and 
developed by the Mayer committee (Mayer, 1992) were also to be piloted over a 
three-year period. Key competencies were considered to be generic competencies to 
start at secondary school level in the educational profiles up to Year 10, and continue 
in Technical and Further Education (TAFE), or Vocational Education and Training, 
(VET) and other vocational education providers. Key competencies apply to work 
generally, rather than to a specific occupation or industry. Each of the themes and the 
key competencies had major implications in the development of CBET in Australia.  
 
In the development of nationally consistent CBET standards there were practical 
advantages in national co-operation in curriculum development, such as economies 
of scale in supporting a well-developed course, and in matching articulation 
pathways. These factors were put under question in a later review, when it was 
argued that CBET permitted a diverse curriculum and that a national curriculum was 
unduly restrictive. A compromise in the TAFE sector allowed a proportion of the 
curriculum (about 20 per cent) to be tailored to local requirements. 
 
The national approach to competency recognition brought a National Framework for 
the Recognition of Training in 1992 (Harris et al. 1995, p.79). This included 
provision for articulation and credit transfer together with recognition of prior 
learning, and course accreditation including the registration of private providers. The 
National Qualification Framework (briefly discussed in Chapter 5) was set up to 
establish a nationally consistent set of qualifications from senior secondary 
certificates up to doctoral level, to promote public recognition of various 
qualification standards. 
 
An open national training market was intended to provide a fair competitive market 
for public and private providers of post compulsory education and training services. 
It was argued this would increase individual empowerment and freedom of choice, 
but it was recognised that this objective needs to be balanced with issues of 
educational quality assurance and fair participation. Effective management of these 
issues requires a regulated market.  
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Initially, implementation of the training reform agenda was restricted because of the 
limited numbers of TAFE and industry based trainers with knowledge and skills in 
delivery and assessment of CBET (Kearns and Associates 1992, p.45). A rapid staff 
development program in CBET was crucial to the successful implementation of the 
agenda. The National Competency-Based Learning Project found high staff training 
demands in all aspects of CBET. Initially the National Training Board was charged 
with the responsibility of endorsing national competency standards but that was later 
reduced to the maintenance of a register.  
 
Origins of the movement in the TAFE sector brought criticism of a narrow focus on 
competencies. Higher education and the professions rejected the narrow task-based 
focus, claiming a distinct difference between the basic skills of an artisan compared 
with the cognitive and diagnostic skills of a professional. In 1993 the Australian Vice 
Chancellor’s Committee (AVCC) expressed concerns over the integrity of university 
education, as cited by Bowden and Masters (1993): 
Unless very sensitively handled, the specification of sets of competencies required from university 
graduates can threaten the integrity of university-level education. Such specification distorts 
courses and curricula by giving undue weight and significance to attributes removed from the 
necessary, if less measurable, intellectual context in which they must be embodied.  
 
In the same year an article in the ‘Financial Review’ stated that the Business-Higher 
Education Round Table wanted a clear distinction between the goals of universities 
and 'technical education institutions'. Mayer, as cited by Bowden and Masters (1993) 
put it this way: 
.. with universities primarily oriented towards the extension of knowledge and research and the 
technical education institutions primarily concerned with applied trades .... The value of greater 
breadth in undergraduate education was very clearly seen by several chief executive officers who 
argued strongly that as employers they wanted their new graduate employees to have clearly 
trained minds and high-level intellectual abilities rather than specific skills or vocational training. 
 
As a result, the federal government assured universities they would not be required to 
implement CBET.  However, under the guidance of the National Office of Overseas 
Skills Recognition (NOOSR), many professional bodies, including IEAust, produced 
their own competency standards. 
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4.4 Competency Research 
Including CBET, three main areas of competency research and development 
informed the professions in the design of competency standards. 
1. Competency Based Training 
 As seen from the historical development of CBET, the competency-based 
training (CBT) model is directly performance based. Early concepts of CBT 
began essentially with a job analysis from which an activity analysis was derived. 
From this, competency standards were developed. The philosophy was that if a 
person performs competently there is no need to be concerned with what he or 
she knows: underlying knowledge could be inferred directly from performance.   
2. Generic Competencies 
 The concept of generic or key competencies such as communication skills, 
planning and organizing skills is more abstract. They reflect the personal 
qualities, characteristics and abilities that differentiate between average and 
excellent performers and apply to work generally rather than to a specific 
industry or role (Mayer Committee cited Harris 1995, p.22). Various surveys of 
employers of graduates (e.g. Burtles 1992) indicated dissatisfaction with a range 
of generic competencies observed in their graduate employees such as written 
and oral communication skills, time management, ability to work in a team, and 
the skills of analysis and problem solving.  These will be discussed in more detail 
later as they form the major focus of this thesis. 
3. Cognitive Competency 
 The concepts discussed above link competencies directly with performance, but 
the third research area, cognitive competency, seeks to distinguish competence 
from performance. The earlier approaches essentially are behaviorist in their 
focus, but much of what makes a person competent lies beneath the behavioral 
veneer. Competence, as defined in the third area of research, is concerned 
primarily with the structure and processes of the mind, particularly the 
organization of knowledge where the learner can relate new specific information 
to already known more general concepts (Harris et al. 1995, pp.135-6).  
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4.4.1 Attributes 
Generic and cognitive competencies link directly with attributes, or 'higher level 
competencies'. Attributes underpin the role performance competencies defined under 
CBET. Gonzi defines 'specific competencies' (role performance competencies) as the 
ability to perform a task and 'higher level competencies' such as analytical skills, 
creative ability and critical thinking ability as those required to underpin a range of 
specific competencies (cited in Lloyd, 1992). Lloyd points out further that as the 
level of skill moves from operative level to the professional level, so required 
competencies move from task specific to higher level competencies.   
 
This is echoed by Elkin, (cited in Eraut 1994) who labels competencies determined 
in the CBT model as 'micro competencies' and attributes as 'macro competencies'. In 
parallel with Lloyd, Elkin also suggests that there is a shift in importance from micro 
to macro competencies as the subject moves higher in the occupational hierarchy. 
These comments reflect the greater need for flexibility in professional roles.  Focus 
on attribute development rather than role performance develops professionals whose 
roles require them to function flexibly. In contrast, the early CBET models that 
focused on detailed competencies for set tasks produced a rigid skill framework that 
did little to develop adaptability.  
4.4.2 Integrated Approach to Competency Research. 
A National Office of Overseas Skills Recognition (NOOSR) research paper 
(Heywood et al. 1992, pp. 21-28) recognizes difficulties in using either performance 
or attribute assessment to reliably infer competence.  Heywood is critical of the 
Australian Competency Standards that emphasize the performance approach to 
assessment 'in the usual environment of the professional workplace'. The paper 
questions the performance approach to competency assessment in that it does not 
evaluate ability to transfer the demonstrated performance competency to other 
settings and contexts i.e. evidence of adaptability and flexibility is not demonstrated.  
 
Researchers in the UK (Eraut 1994) were critical of the performance based CBET 
assessment methods for professions used in the National Vocational Qualification 
system administered by the Open University. They suggested performance could be 
based on copying the performance of a mentor without the mentor passing on the 
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underlying knowledge and understanding. Similarly in Australia, Bowden and 
Masters (1993) indicate three levels of competency. The first is 'observable practice', 
suggested as the only level adequately assessed by workplace performance. The 
other levels, described as underlying capacities, are 'discipline based capacities' and 
'generic capacities'. 
4.4.3 Competency Agenda for Professions 
The 1993 National Competency Standards for Professional Engineers (IEAust, 1993) 
followed the CBET formula, but with a much broader functional analysis approach 
based on the competency research described above.  Competency was defined as 'the 
ability to perform the activities within an occupation to the standard expected in 
employment' (National Training Board, 1991) but evidence of attributes was 
considered an essential element in overall assessment of competency.  
 
Heywood et al. (1992) question the value of the attribute approach by pointing out 
that many vital attributes can be difficult to assess and so are often ignored. This, in 
turn, brings into question the assumption that the identified testable competencies 
will translate into competent performance in a different situation. To minimize the 
effect of the faults in each competency assessment method, the paper recommends an 
integrated approach involving both performance and attribute forms of assessment to 
infer competency. This approach was also supported in a report by Jessup (1991, 
p.28) for the UK National Vocational Qualifications (NVQ) program. Jessup warns 
that the adoption of national standards should be careful to ensure competencies will 
be transferable to a range of contexts. The UK use of 'range statements', is a measure 
of this transferability, and was adopted in the (Australian) National Competency 
Standards for Professional Engineers (NCSPE). 
4.4.4. National Competency Standards for Professional Engineers 
(1993)  
The Competency Standards were developed by IEAust through funding 
arrangements with NOOSR under the guidance of a steering group drawn from a 
range of industry, professional and academic bodies. The above definition of 
competency in the NCSPE is qualified by the statement that, while many 
competencies can be observed directly in the workplace, others 'may be inferred 
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from what is done in the workplace and from the demonstrated capacity of the 
individual to acquire and apply relevant knowledge skills and judgement within a 
complex and uncertain environment . . .' 
 
The NCSPE (1993) defines competencies for the Stage 1 professional engineer: a 
graduate with a four-year BE degree (or equivalent) who must have 'initial 
Professional Engineering knowledge in an engineering discipline to provide the 
ability to work creatively and innovatively under guidance on Professional 
Engineering tasks of limited scope and complexity….' Stage 1 required 
demonstration of competency in seven Units: 
Core Units:  
Ethics and Principles 
Practice Skills 
Planning and Design 
Business and Management 
Communication 
Two Elective Units from: 
Research, Development and Commercialisation
Materials or Components 
Education or Training  
Manufacturing or Production 
Project Implementation 
Asset Management 
 
The Standards break each Unit down into Elements and Performance Criteria, and 
provide brief Range Statements for each Unit. The Units for Stage 2 (experienced 
level) essentially were the same except that higher performance was expected for 
each element. For example, for an element within 'Project Implementation', the Stage 
1 engineer 'participates in monitoring of construction or installation' whereas the 
Stage 2 engineer 'supervises construction or installation'. In addition, the Stage 2 
engineer may do novel, complex or critical engineering work under limited guidance 
in either Professional Engineering Planning and Design or one of the elective Units. 
 
In 1994 the IEAust published parallel sets of Competency Standards for Engineering 
Technologists and Engineering Associates (Officers). The structure and approach to 
competency definition were similar to those for professional engineers, and 
occupational differentiation was achieved in the range statements by specifying the 
benchmark qualifications for each occupational category, and by selective use of 
words denoting level and scope of performance.  
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4.4.5 National Generic Competency Standards (1998) 
The Standards in 1993/94 differentiated between Stages 1 and 2 for each 
occupational category by defining limits of responsibility and by specific use of 
defined words and expressions. People unable to understand these subtleties found 
differentiation difficult. The revised 1998 standards define Stage 2 as the benchmark. 
The IEAust National Generic Competency Standards (1998) contain the National 
Generic Competency Standards for:  
• Professional Engineers Stage 2 and Advanced Stage Engineer 
• Engineering Technologist Stage 2 
• Engineering Officer Stage 2 
 
• Stage 2: Professional engineers, technologists or officers with experiential 
formation from Stage 1 in a specialism and field of activity ‘are considered to be 
“experienced” and thus capable of working autonomously under general 
direction on normal work for the category, but when carrying out particularly 
difficult work, i.e., more complex or critical work, they do so under limited 
guidance.’ 
• Advanced Professional Engineer: For engineers beyond Stage 2 ‘the 
Professional Engineer exercises full professional autonomy and demonstrates a 
capacity for leadership of change, innovation and creativity in professional 
engineering work. There is demonstration of the ability to appreciate the wider 
context of engineering in social, organisational, and economic terms. Work may 
have significant corporate impact, and will therefore require skills in business, 
planning and supervising the use of all resources, and involvement in industrial 
relations issues.’ 
 
Stage 2 candidates had to demonstrate ability to work independently in the normal 
engineering work for the occupational category. The definitions of Units, Elements 
and Performance Criteria for Stage 1 in each occupational level were the same as 
those for the corresponding Stage 2, but the evidence required of those seeking to be 
assessed for entry to occupational categories were not expected to reflect the 
experiential knowledge, understanding, or the analysis and synthesis capabilities, 
exhibited by an 'experienced' practitioner. 
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The definitions of competency in the 1998 Standards for engineers were more 
comprehensive than in 1993, with more informative Range Statements that set the 
context on matters relevant to the occupational categories, identified mandatory and 
elective aspects to be demonstrated, and provided guidelines on differentiation of the 
three occupational categories. For each occupational category there were three Core 
Units and seven Elective Units, denoted by the prefixes in the table below. 
Candidates in each Occupational Category were expected to demonstrate the three 
Core Units and two Elective Units for that category: 
Occupational Category Core Unit  Prefix Elective Unit  Prefix 
    Professional Engineers 
    Engineering 
Technologists 
    Engineering Associates 
PC (3) 
TC (3) 
 
AC (3) 
PE (2) 
TE (2) 
 
AE (2) 
 
For professional engineers the Units of Competency are: 
Core Units PC1 Engineering Practice 
 PC2 Engineering Planning and Design 
 PC3 Self Management in the Engineering Workplace 
Elective Units PE1A Engineering Business Management or  
 PE1B Engineering Project Management 
 PE2 Engineering Operations 
 PE3 Materials or Components or Systems 
 PE4A Environmental Management or  
  PE4B Investigation and Reporting 
 PE5 Research, Development and Commercialisation 
 
The level of performance in the 1998 edition was set much higher than in 1993. In 
the Core Units, applicants were required to demonstrate all Elements and the 
majority of Performance Criteria. For the Elective Units, the Range Statements 
provided guidance as to which were mutually exclusive, and how many and which of 
the Elements were mandatory. The wording for Units and Elements was the same for 
Engineering Technologists, but the wording in Performance Criteria and the Range 
Statements and Evidence Guides differentiate the two categories. The wording for 
some Units differed for Engineering Officers, and differences in Performance 
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Criteria and the Range Statements and Evidence Guides differentiated the 
occupational category. 
The 1998 edition did not provide explicit guidelines for Stage 1. For assessment for 
CPEng, the IEAust assessment process requires self-assessment, presentation of a 
Practice Report, and attendance at an Interview. The interview normally is performed 
by an Assessment Panel comprising an assessor and two interviewers: one from the 
candidate's specialism, and one from the candidate's field of activity. Assessment 
panels are encouraged to take a holistic approach. A similar approach is taken for 
Technologists and Officers. 
 
In recognition of the need for a process of continuous development, a revised edition 
was published in ring binder format (to easily accommodate anticipated changes) the 
following year (IEAust, 1999a). Changes in the revised version were minor but 
included a more developed competency based definition of a professional engineer 
and replacement of the title 'engineering officer' with the earlier title 'engineering 
associate'. 
4.4.6 Generic Attributes for Graduate Engineers   
The National Competency Standards for Professional Engineers provided a new 
focus for initial professional development of engineers post-graduation. The 
Standards follow the CBET model and thus are behavioural. The 1993 Standards 
described Stage 1 as professional engineer graduates direct from university thus they 
had implications for the design and conduct of engineering degree courses. However, 
the main thrust of the 1997 IEAust course accreditation manual was directed towards 
the development of attributes (IEAust 1997). These were based on the 
recommendations of the 1996 Review of Engineering49 (Johnson 1996) with minor 
changes including the addition of “business responsibilities (including an 
understanding of entrepreneurship and the process of innovation)”.   
 
The overall assessment of professional competence at graduation was expected to 
follow an integrated approach. After two accreditation sessions it was realised this 
radical change was difficult to implement in one move. Over the next two years, only 
a few engineering schools were assessed for accreditation before the whole process 
                                                 
49 The candidate was an invited forum participant in this review. 
Chapter Four   Engineering Competencies and Attributes 102 
 
was again reviewed. A new greatly enlarged accreditation manual was issued at the 
end of 1999. This document recognised the need for a process of evolution and took 
a step back from the radical approach of the previous accreditation manual. 
Interestingly, the minor changes to the attribute recommendations of the Review of 
Engineering were also eliminated.  
 
It is interesting to compare the IEAust approach with similar developments in the 
US. In 1995 the Accreditation Board for Engineering and Technology (ABET) 
released a draft paper ‘Engineering Criteria 2000’. This was formally adopted by 
ABET in 1997 but until autumn 2001 engineering schools could opt for accreditation 
under Engineering Criteria 2000 or the previous criteria (Herkert 1995). Although 
there are some differences and omissions, there were also very strong similarities 
between the 10 attribute IEAust accreditation criteria and the 11 attribute ABET 
Engineering Criteria 2000 (ABET’s Engineering Criteria paper refers to them as 
Outcomes 3a-3k).  
 
Table 4-1 lists attributes set out in the 1999 IEAust course accreditation manual 
along with those of the ABET Engineering Criteria 2000  As illustrated by IEAust 
attribute 10 and ABET Engineering Criteria 2000, the undergraduate BE degree 
course is just the foundation stage in the development of the professional engineer. 
Thus, it is also useful to consider how the course can contribute to the attributes 
required in the total formation of a professional engineer.  
 
The 1997 IEAust course accreditation manual and the ABET Engineering Criteria 
were not exhaustive in their list of desirable attributes to be developed in engineering 
courses. In addition to the 1996 Review of Engineering, internationally there have 
been numerous surveys relating to the desired attributes of graduates - both 
engineering graduates and graduates in general. Some indicate the attributes 
employers consider valuable in graduate employees for the efficient performance of 
their work, while others indicate the attributes employers find lacking.  
 
In his address at the Business/Higher Education Round Table annual general meeting 
in 1992, John Prescott (1992) summarised the combined results of the 1990 Senate 
Standing Committee on Employment Education and Training and the most recent 
surveys by the Business/Higher Education Round Table, to identify graduate generic 
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skill requirements. Skills identified as generally lacking were listed for all graduates 
and science and technology graduates in particular. He also identified skills that 
would be increasingly sought after by companies looking for engineers.   
Table 4-1 Attributes of Graduate Engineers: IEAust Accreditation 
Manual 1999 and ABET Engineering Criteria 2000 
 IEAust 1999  ABET Engineering Criteria 2000 
(Ref: Felder and Brent 2003) 
1 Ability to apply knowledge of basic 
science and engineering fundamentals 
3a Ability to apply knowledge of 
mathematics, science and engineering 
2 Ability to communicate effectively, 
not only with engineers but also with 
the community at large 
3g Ability to communicate effectively. 
3 In-depth technical competence in at 
least one engineering discipline 
 
3k Ability to use the techniques, skills 
and modern engineering tools 
necessary for engineering practice 
4 Ability to undertake problem 
identification, formulation and 
solution 
3e Ability to identify, formulate and 
solve engineering problems. 
5 Ability to utilise a systems approach 
to design and operational performance 
 
3c Ability to design a system, 
component, or process to meet desired 
needs. 
6 Ability to function effectively as an 
individual and in multi-disciplinary 
and multi-cultural teams, with the 
capacity to be a leader or manager as 
well as an effective team member. 
3d Ability to function on multi-
disciplinary teams 
7 Understanding of the social, cultural, 
global and environmental 
responsibilities of the professional 
engineer, and the need for sustainable 
development. 
3j 
 
3h 
Knowledge of contemporary issues. 
 
A broad education necessary to 
understand the impact of engineering 
solutions in a global and societal 
context 
8 Understanding of the principles of 
sustainable design and development 
  
9 Understanding of professional and 
ethical responsibilities and 
commitment to them. 
3f Understanding of professional and 
ethical responsibility 
10 Expectation of the need to undertake 
lifelong learning, and capacity to do 
so  
 
3i Recognition of the need for. And an 
ability to engage in lifelong learning. 
 
 3b Ability to design and conduct 
experiments, as well as analyze and 
interpret data. 
 
The skills considered lacking overall in graduates were analytical skills and the 
capacity to think creatively. They were also considered not good communicators and 
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not sufficiently attuned to lifelong learning.  The skills listed as lacking overall in 
science and technology graduates were an ‘understanding of political and cultural 
developments in our society and the wider world’. 
 
For engineering graduates he claimed companies would increasingly be looking for 
those with language skills and “openness to other cultures”. He also listed the need 
for engineering graduates with skills in critical thinking, intellectual curiosity, 
problem solving, independent thought, effective communication and the ability to 
work co-operatively as a team member. 
 
How do these fit with the IEAust listed requirements for graduate attributes listed in 
the accreditation manual? 
• Communication and lifelong learning are specifically mentioned in the 
accreditation manual, as are the attributes of understanding political and cultural 
developments in our society and the wider world, problem solving, effective 
communication and working in a team.  
• Analytical skills are directly linked to several of the stated IEAust competencies.  
• Creative thinking is not mentioned but is significant to the process of innovation 
added to the 1997 accreditation manual but removed from the 1999 accreditation 
manual. It is a significant enabling attribute for problem solving and design, but 
has been neglected in engineering education since the 1950's in favour of a 
predominantly analytical focus. Creativity will be discussed in the next chapter 
and included in the attribute survey. 
• Critical thinking, intellectual curiosity, and independent thought are not 
specifically mentioned in the accreditation manual but are enabling attributes for 
many of the listed attributes. They will also be discussed in the next chapter and 
included in the attribute survey. 
• Language skills and “openness to other cultures” are not included in the 
accreditation manual. However an “understanding of…cultural…responsibilities” 
should help support the attitude of an “openness to other cultures”.  
 
A CAUT project on university assessment strategies generated a list of core abilities 
across all programs of undergraduate study. Based initially on a review of recent 
literature on the goals of higher education, this was first refined through a series of 
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forums with university academics. The resulting list was reviewed by a feedback 
group of close to four hundred academics throughout all faculties in Australian 
universities to arrive at the following eight ‘clusters’ of abilities: 
1. Thinking critically and making judgements 
2. Solving problems and developing plans 
3. Performing procedures and demonstrating techniques 
4. Managing and developing oneself 
5. Accessing and managing information 
6. Demonstrating knowledge and understanding 
7. Designing, creating, performing 
8. Communicating 
(Nightingale et al., 1996) 
How do these compare with the competencies listed in the accreditation manual and 
John Prescott’s address?  
 
As previously stated, critical thinking (and “making judgements”) is not specifically 
listed in the accreditation manual but is included as a necessary skill for engineers in 
the Prescott address. Solving problems, creating, demonstrating knowledge and 
understanding, designing and communication are in principle directly included in the 
accreditation manual. Performing procedures and demonstrating techniques, 
although not specifically listed in the accreditation manual, is significant in both 
engineering education and practice, and would be considered an implied requirement 
in certain of the listed attributes e.g. “in depth technical competence”.  It would be 
valuable to assess the value of most of the remaining competencies listed by 
Nightingale et al in this study. Problem solving, creating (ability to think creatively), 
and communicating also echo some of the competencies identified in John Prescott’s 
address as lacking or as needed. 
 
The only direct reference to competencies in the recommendations of the 
Commonwealth Government report on higher education (West, 1998) reinforced the 
IEAust competency requirement for ‘a capacity to undertake lifelong learning’. It 
recommended the commissioning of educational research that would lead to ‘the 
development of graduates with respect for scholarship and learning and an appetite 
for intellectual growth and development.’   
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An overseas study with particularly interesting recommendations is that by the UK 
based Science and Engineering Research Council (SERC) Engineering Board’s 
Science and Engineering Policy Unit. The SERC Engineering Board had as part of 
its responsibilities, the allocation of postgraduate research scholarships in 
engineering. To assess the value to industry of the graduates of these programs, the 
Policy Unit commissioned a survey of employers (Burtles, 1992).  
 
Overall the result showed considerable weaknesses in their graduates in a range of 
areas but most significant were written and oral communication skills, time 
management, ability to work in a team, and the skills of analysis and problem 
solving. All except time management are effectively in the list of competencies listed 
in the accreditation manual and mentioned in some of the other studies discussed. 
 
The significance of this SERC report is that it recommends development of 
communication and time management attributes, not by introducing new course 
material, but by requiring written reports to be submitted to SERC at specified times 
as a requirement for the continuation of the students funding. Although not an 
assessment in the conventional university sense, it’s an example of adapting 
requirements to develop skills. 
 
The SERC Education and Training Committee adopted the competency based 
definition of an engineer proposed by Dr John Parnaby of Lucas Industries plc in 
March 1992 (Powell 1993 pp.7-8). It states that an engineer ‘in addition to the 
unique technical and scientific capabilities’: 
1. Is concerned with synthesis and creativity 
2. Integrates a range of science and technologies 
3. Applies semi-empirical methods to tackle complexity 
4. Has to apply a range of business methodologies 
5. Is always concerned with cost effectiveness and financial justification 
6. Has a significant managerial, motivating and team building role 
7. Has to be able to meet the needs of a customer and provide value for money.’ 
 
Another significant overseas report was by the UK based Engineering Council in 
1993 cited (Fairclough 1995). This predicted that employers would look increasingly 
for engineers with broader engineering education and ‘good business attitude’. 
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‘There would be an increased emphasis on technical generic skills (e.g. Information 
Technology), social skills (e.g. customer relations and team working), and in project 
management and the management of continuous improvement and innovation.’ 
 
As previously stated, there have been numerous surveys into attribute requirements 
for the professions and in graduates in general.  Some will be referred to elsewhere in 
this thesis. The current objective is to consider the competency requirements 
specified by the IEAust in relation to current discussion and so develop an initial list 
of competencies to consider in developing assessment strategies. Tables 4-2, 4-3 and 
4-4 that follow summarise and classify the competencies discussed in this section.  
 
List of Abbreviations for document references in Tables 4-2 and 4-3  
B/HERT = competencies identified, implied or closely related to competencies in John Prescott’s 
Business/Higher Education Round Table address as currently lacking or becoming more relevant. 
 
CAUT = competencies identified or implied as core for all graduates by the CAUT project referred to 
in this section. 
 
WEST = Commonwealth Government Report on Higher Education (1998). 
 
SERC = SERC industry survey of competencies lacking in engineering higher degree by research 
graduates. 
 
E. C. = Engineering Council Review of Engineering Formation Discussion Document 
 
PARNABY = SERC adopted definition of engineer. 
 
Table 4-2 lists the accreditation manual competencies with the related competencies 
from John Prescott’s Business/Higher Education Round Table address, the CAUT 
project, the Commonwealth Government Report on Higher Education (1998), the 
UK Science and Engineering Research Council survey (1992), the UK Engineering 
Council and the Parnaby definition of an engineer adopted by SERC in 1993. Table 
4-3 lists competencies listed elsewhere but with no clear or direct reference to those 
listed in the IEAust accreditation manual. These competencies are broadly based. 
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Table 4-2 (IEAust) Accreditation Manual Competencies 
1. Ability to apply knowledge of basic science and engineering fundamentals. 
• (PARNABY) “integrates a range of science and technologies”. 
2. Ability to communicate effectively, not only with engineers but also with the community at large. 
• (B/HERT) “not good communicators” (all graduates), a requirement for “effective 
communication” (engineers). 
• (CAUT) “communicating”. 
• (SERC) written and oral communication skills. 
• (E. C.) “social skills such as customer relations...”  
3. In-depth technical competence in at least one engineering discipline.  
• (CAUT) “performing procedures and demonstrating techniques”, “demonstrating knowledge and 
understanding”. 
• (PARNABY) “unique technical and scientific capabilities”. 
• (E. C.) “technical generic skills (such as Information Technology)  
4. Ability to undertake problem identification, formulation and solution.  
• (B/HERT) “analytical skills”, “problem solving”. 
• (CAUT) “solving problems and developing plans”. 
• (SERC) skills of analysis and problem solving. 
• (PARNABY) “applies semi-empirical methods to tackle complexity”, “synthesis and creativity”. 
5. Ability to utilise a systems approach to design and operational performance. 
• (B/HERT) “analytical skills”. 
• (CAUT) “designing”. 
6. Ability to function effectively as an individual and in multidisciplinary and multicultural teams with the 
capacity to be a leader or manager as well as an effective team member. 
• (B/HERT) “ability to work co-operatively as a team member”. 
• (SERC) ability to work in a team. 
• (PARNABY) “has significant managerial, motivating and team building role”. 
• (E. C.) “social skills such as… team working” 
7. Understanding of the social, cultural, global, and environmental responsibilities of the Professional 
Engineer, and the need for sustainable development. 
•  (B/HERT) “understanding of political and cultural developments in our society and the wider 
world”, “openness to other cultures”. 
8.  Understanding of the principles of sustainable design and development. 
9.  Understanding of professional and ethical responsibilities and commitment to them. 
10.  Expectation of the need to undertake lifelong learning and a capacity to do so. 
• (B/HERT) “not sufficiently attuned to lifelong learning”. 
• (WEST) “the development of graduates who have a respect for scholarship and learning and an 
appetite for intellectual growth and development”. 
(CAUT) “managing and developing oneself”. 
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Table 4-3 Other Listed Competencies 
1. 'Critical thinking, intellectual curiosity and independent thought.' (B/HERD) 'Thinking 
critically and making judgements.' (CAUT) 
2. 'The ability to apply a range of business methodologies. Concerned with cost effectiveness 
and financial justification. Able to meet the needs of the customer and provide value for 
money.' (PARNABY) 'Good business attitude. Project management and management of 
continuous improvement and innovation. Customer relations.' (E. C.) 
3. 'Creating.' (CAUT)  'Creative thinking.’ (B/HERT) 
4. 'Accessing and managing information.' (CAUT) 
5. 'Time management.' (SERC) 
6. 'Language skills.' (B/HERD) 
7. Broader engineering education (C. E.)  
 
Table 4-4 shows a list of generally more specific competencies which evolved during 
a discussion between the candidate and Dr Mike Meade, then Dean in the Faculty of 
Technology at the Open University, in June 1996. (The Open University was given 
full responsibility for the UK National Vocational Qualifications system and is also 
carrying out significant work in the development of competency based MEng 
programs that are carried out in industry.) Some of these competencies can be used 
to underpin the higher level competencies already listed and a few will form yet 
further additions to this list.  
 
Following this is Table 4-5 which lists the IEAust core and elective competencies 
required at the standard of stage 2 professional engineer. Stage 2 engineers are 
considered to be ‘experienced’ and thus capable of working autonomously under 
general direction on normal work for the category but work under limited guidance 
on more complex or critical work. The design of a program to develop attributes in 
an undergraduate program should also aim to make a positive impact on these 
competencies. 
 
Chapter Four   Engineering Competencies and Attributes 110 
 
 Table 4-4 Competency list from a discussion with Dr Mike Meade of 
the Open University. 
1.  Computer skills (skill breakdown to be determined by survey) 
2.  Written communication (skill breakdown to be determined by survey) 
3.  Oral communication 
4.  Time management 
5.  3D visioning ability 
6.  Dynamic visioning ability 
7.  Design skills  - integration of sciences, open-ended design related problems 
8.  CAD  
9.  Engineering graphics 
10.  Entrepreneurship 
11.  Innovation 
12.  An ability to sense that a design “looks correct” 
13.  An ability to sense whether the design figures are “in the correct ballpark” 
14.  Statistics 
15.  Research skills 
16.  Leadership 
17.  Team skills 
18.  Networking/social/interpersonal 
19.  Ethics 
20.  Political awareness 
21.  Environmental awareness 
22.  Business skills - accounts, costing, profit and loss statements 
 
Table 4-5 IEAust Units of Competency for Stage 2 Engineers  
Core Units    Elective Units (2 from) 
PC1 Engineering Practice   PE1A Engineering Business Management or 
PC2 Engineering Planning and Design PE1B Engineering Project Management 
PC3 Self Management in the Engineering  PE2 Engineering Operations 
 Workplace    PE3 Materials or Components or Systems 
      PE4A Environmental Management or 
      PE4B Investigation and Reporting 
      PE5 Research, Development and Commercialisation 
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4.4.7 The Higher Education Focus 
It is probable that at least part of the cause for concern of the Australian Vice 
Chancellors Committee was based on the CBT form of CBET. Dissenters claimed 
CBT had a narrow short-sighted perspective in defining the competencies for a 
particular role and focused on those that could be defined in simplistic mechanistic 
terms. It was atomistic. At that time it was centred on the trade and technician sector 
of further education and took a prescriptive approach. Concern that it was not an 
appropriate model for university-level education was well founded.  
 
The current development of competencies in the professions is outcome oriented 
largely based on the generic competencies model. Many engineering professional 
competency outcomes shown in Tables 4-1 to 4-5 are also considered goals of a good 
university education.  Listed in Table 4-3 is the Business/Higher Education Round 
Table listed competencies ‘critical thinking, intellectual curiosity and independent 
thought’ which encompass critical inquiry and analysis - the cornerstone of 
traditional university level education.  
 
Universities have now embraced the attribute approach. In the year 2000 Deakin 
University set a goal to assure that by 2008, all graduates will have a statement 
attesting that their courses satisfy the ‘Deakin Advantage’ – the set of graduate 
discipline specific and generic attributes defined in Table 4-6. 
4.4.8 The attribute study 
The eighty four attribute survey instrument (Appendix A2) used in the role based 
attribute study described in Chapter 6 is based on an expansion of the IEAust 
attributes to include the most appropriate attributes discussed above plus the key 
mechanical engineering subject specialisms.  
 
The study considered the significance of each of these attributes for each of the most 
common mechanical engineering roles in Australia (comprising over 50% of the 
Australian mechanical engineering profession). It also asked for an assessment of 
graduate performance in these attributes to enable deficiencies to be assessed.  
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Table 4-6 Deakin Advantage 
Discipline-specific attributes 
In their major fields of study, Deakin graduates should: 
• have acquired and be able to work with a systematic body of knowledge, based on the highest 
standards of scholarship and research, to a level of mastery appropriate to the level of the award. 
• an understanding of the professional, industrial and social contexts; and 
• the ability to identify, gather retrieve and operate on textual, graphical and numerical information. 
 
Generic attributes - Personal skills 
• a good standard of oral and written communication and presentation; 
• a capacity for teamwork and collaboration; 
• an ability for critical thinking, analysis and problem solving; 
• information technological literacy; and  
• a capacity for lifelong learning and an appreciation of its necessity. 
 
Generic attributes - Citizenship 
All Deakin graduates should have an understanding of: 
• ethics, social responsibility and cultural sensitivity; 
• international perspectives and competence in a global environment; and  
• the principles and applications of sustainable development. 
 
4.4.9 Recent Developments 
Subsequent to the commencement of the attribute study, Washington Accord 
Attribute and Professional Development Frameworks were developed over the 
period 2003 to 2005 resulting in new Engineers Australia Stage 1 Competency 
Standards for the accreditation of engineering degree programs (Bradley 2005a).  
This is presented in a functional analysis format. The three units ‘knowledge base’, 
‘engineering ability’ and ‘professional attributes’ comprise a series of elements 
with  performance criteria provided. There are no range statements. All of the 
IEAust 1999 attribute requirements listed in Table 4.1 are included as elements in 
the 2005 document with the addition of the following: 
• Techniques and resources50: 
o This includes skills in modeling, characterisation, engineering tools 
and experimental practice. 
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• General knowledge 
• Ability to conduct an engineering project 
• Understanding of the business environment 
• Information management and documentation 
• Creativity and innovation 
• Professional attitudes 
o Present a professional image in all circumstances 
o Intellectual rigour and readiness to tackle new issues responsibly. 
o Use first principle reasoning and developing experience to sense 
physical and intellectual dimensions of projects and related 
information requirements.   
 
It should be noted that the attribute study described in this thesis includes attributes 
associated with those additional elements that are directly role related.  
 
It is evident there remains potential for further research in this approach to 
competency-based education and training. The adoption of the attribute focus in the 
accreditation of university engineering degree courses represents a fundamental shift 
in focus on course assessment from course content to graduate outcome providing 
potential for significant and far-reaching change in the education of professional 
engineers. Most significant in this is the need for careful consideration of teaching 
and assessment strategies, addressed in the next chapter. 
 
 
387387 
50 Abbreviated performance criteria are included to clarify some of the elements.  
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5 - Teaching Strategies to Develop Professional 
Attributes 
—————————————————————————– 
5.1 Introduction 
Towards the end of the 20th Century, factors such as digital technology, growth and 
economic impact of the creative industries, downsizing of large corporations and 
growth in the number of small enterprises radically changed the engineering work 
place. For the future relevance of the profession it is essential that universities 
respond to the demand for professional engineers who can make significant (and 
professionally sound) contributions in the New World. With variable economic 
contribution from minerals and agriculture, this is critical for the Australian 
economy. However, although the needs of the main stakeholders in Higher Education 
are for quality teaching and learning, during the latter half of the 20th Century 
university academics were increasingly employed for their research potential in their 
specialised field. University prestige became directly linked to research output, 
pushing the teaching role to second place.  
 
From the late 1980s there has been significant interest in engineering education 
research. In 1988 the Australasian Association for Engineering Education (AAEE) 
was formed as a technical society of the IEAust to disseminate engineering education 
research and ideas. It gained strong financial support from the Australian Council of 
Engineering Deans. Similarly, in the US the reduction in funding of space program 
research following the end of the cold war resulted in a number of engineering 
schools turning their attention to engineering education research. This interest was 
soon reflected world-wide. In the mid 1990s UNESCO supported the Australian 
based International Centre for Engineering Education (USICEE). At about the same 
time the Australian Federal government created the Committee for the Advancement 
of University Teaching (later the Committee for University Teaching and Staff 
Development) to fund education research throughout the university sector.  
 
From the early 1970s, employers increasingly voiced concern over deficiencies in 
various attributes of their graduate employees. However one outcome of engineering 
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education research has been the development of a wider range of teaching methods 
to form suitable professional attributes. The processes of analysing, documenting and 
reporting these activities facilitate a more informed and widespread adoption and 
development of a range of educational strategies significant to the competency 
agenda discussed in Chapter 4. Most of these strategies have also been the subject of 
educational research and adoption in other professions. For example, problem-based 
learning originally gained popularity in the context of medical education (Fosmire & 
Macklin 2002).   
 
To successfully meet the IEAust attribute based accreditation requirements 
introduced in 1997, a wider adoption of new strategies and more thoughtful use of 
the conventional strategies would have been necessary. However, few university 
lecturers had received instruction even in basic teaching skills, so it is not surprising 
that the IEAust had difficulty implementing the 1997 accreditation requirements and 
had to resort to an incremental approach. The problem is compounded by increased 
class sizes (Carbonell 2004) and a fall in minimum entry standards (Low year 12 
scores no bar to uni 2005) due to the expansion of student numbers from the late 
1980s. Issues of teaching expertise and the status of the teaching role in higher 
education were recognised in the UK by the Dearing report (Dearing, 1997). A major 
recommendation was the creation of the Institute for Learning and Teaching in 
Higher Education to bring professional equivalence (including accreditation of 
suitable professional development programs and courses) to the teaching aspect of 
the university academic's role. The start up of this Institute was funded by the 
Government. However, strong vocal opposition and reluctance to join the Institute by 
academics of the pre-1992 research focused universities (Evans 2001) confirm the 
prevailing negative attitude to the teaching role. It was later merged with the 
Learning and Teaching Support Network and the National Co-ordination Team to 
become the Higher Education Academy.  
 
Similar issues were discussed in Australia and the US, but no significant actions 
resulted. However increasingly Australian universities are introducing training 
programs either as new staff induction programs or as requirements to undergo 
postgraduate certificate courses. A further problem in adopting new teaching 
strategies aimed at competency development is the excessive time demands they can 
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place on already overworked teaching staff, both in course organisation and 
assessment. Unless this issue is addressed, strategies developed will be unworkable.  
 
Effective assessment and deep learning approaches are essential elements in teaching 
the wider range of attributes without the significant erosion of core engineering 
attributes such as mathematical analysis of engineering science problems. These 
issues will be examined before investigating the suitability and effectiveness of a 
range of teaching and assessment strategies in developing the 1999 and 2005 IEAust 
accreditation attributes. Teaching strategies for other attributes of increasing 
significance to professional engineers will then be explored.   
 5.2 The Formative Role of Assessment 
Assessment should be symbiotic with the teaching process, at least in its role of 
shaping the learning process - its 'formative' role. It is the most powerful driver of 
learning for most students who recognise assessment as a continuous and important 
component of their learning process and adjust their attitude and learning strategies 
to suit (Gibbs, 1994, p.152).  
 
Lee Harvey, director of the University of Central England’s centre for research into 
quality also suggests that with increasing need to support their studies through part 
time work, students are not reading the subject in as much depth and are ‘much more 
assessment aware’ (Woodward 2002).  This factor had also been noted in Australia 
(Pullin 1999b) Golding et al. (1996) suggest assessment also shapes the content of 
teaching as well as learning.  
 
This principle was applied to the ultimate extent by Bloxam and Heathfield (Gibbs, 
1994, p.173), who redesigned study units to let the assessment completely drive the 
androgogy (the act, process, or art of imparting knowledge and skill to adults). They 
first determined the learning outcomes for each unit, and planned assessment tasks in 
which the students underwent a range of activities to achieve these outcomes. The 
units were then designed around the assessment tasks. This is closely linked to the 
concept of 'criteria based assessment' discussed later.  
The role of assessment in the learning process is known as the formative aspect of 
assessment. Its role in shaping learning has become more apparent as a result of 
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educational research over the last 30 years. This chapter considers the formative 
aspect of assessment as an essential and integral part of teaching strategies. The 
summative role of attribute assessment is also discussed briefly at the end of the 
chapter.    
 
It is important to distinguish the summative and formative roles of assessment from 
the currently accepted definitions of summative and formative assessment. 
Summative assessment is graded assessment (even if only graded as pass or fail). 
Formative assessment is advice or feedback but it does not contribute marks to the 
final result. The motivation to accomplish a formative assessment task is intrinsic - 
satisfaction from the task itself. However, because most students need to balance 
time for education with work commitments, summative assessment is usually 
required to motivate them. Thus, all assessable tasks should contribute to the final 
mark (summative assessment) but be carefully considered for their formative role in 
developing the desired competencies. Students engage more in the tasks and gain 
greater educational value if they can get intrinsic value from the task.    
5.2.1 Surface and Deep Learning 
The issue of surface versus deep learning (or learning with understanding) is 
fundamental to the IEAust attributes as well as the integrity of university education. 
Students who engage in surface learning aim to avoid failure with minimal effort. 
Their strategy (inappropriately) is rote learning (Tang 1994). It is an atomistic 
approach in which students remember isolated facts and fail to see the relationship 
among the information; it is used to reproduce content not understand it (ibid.).  
 
Rote learning creates a negative attitude to learning such as boredom leading to 
under achievement by the student and does not promote understanding or the long 
term retention of knowledge and information (Engineering Subject Centre n.d.).  
 
Traditional pre-university education methods are heavily entrenched in this 
approach.51   
                                                 
51 As long ago as 1909, Binet, cited by Torrance (1970, p.35), observed this in French schools, but 
there are indications that it was similar in many countries including the UK and Australia.  More 
recently, Beswick and Ramsden (1987) describe the (Australian) university entrance methods as 
based on examinations or tests for which rote learning might have been considered the appropriate 
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There is concern that students also start university courses with the surface approach 
to learning, particularly through foundation units that present wide ranging detail and 
are assessed to test disparate elements of knowledge (Beswick and Ramsden, 1987). 
This sets the expectation of the surface learning approach and lack of early and 
relevant feedback may result in the student not recognising this approach as 
inappropriate.   
 
In contrast, deep learning is a holistic approach. Students engaging in deep learning 
are motivated to understanding of the meaning of what is being learned. (Tang 1994) 
It involves the integration of ideas and concepts, requiring detailed information to be 
organised in a meaningful way. That is, placed in context and perspective rather than 
in an arbitrary way. Given a well-structured knowledge base, experienced deep 
learners will have the skills to do this for themselves. However, most students will 
benefit from guidance, encouragement, and support to help them develop these skills. 
Concept mapping - a procedure to diagrammatically represent the relationships 
between concepts - is one tool that can be used to portray the knowledge base. The 
structure of the assessment task is a key element in providing guidance.  
 
Cognitive processes in learning with understanding are illustrated by the process of 
handling conflict when there is a perceived mismatch between new information and 
what is already known. One way is to modify the signal (the perception of the new 
information) to fit what is already known. Another is to change the 'cognitive map' to 
accommodate the new information. The highly curious - the deep learners - are loath 
to do either and develop investigative techniques to produce an optimal resolution of 
this conflict. However, they not only relate the different aspects of the information 
with one another but through reflection they relate the different aspects to their 
previous studies and personal experiences.  
 
To encourage deep learning the teaching program should provide suitable 
experiences to reinforce this. Carefully planned laboratory experiments and other 
387387 
method of preparation. In 1991 the Victorian educational reform of senior studies led to the 
implementation of the Victorian Certificate of Education, which includes assignment type activities, 
however there is empirical evidence that the teaching associated with many these activities was 
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hands-on experiences and activities provided in the delivery of the unit can do this if 
provided at the appropriate time in the students learning cycle. Teachers can also 
support and encourage the reflective experiences of students by bringing relevant 
reflections of their own professional experiences into class discussion. 
 
Deep learning is necessary for effective development of most of the attributes 
mentioned in Chapter 4. Among the most obvious are those involving high order 
cognitive skills such as analysis and reflection, critical thinking, problem solving, in-
depth technical competence and in providing the foundations for lifelong learning. 
Deep learning is also necessary for the development of 'clearly trained minds and 
high-level intellectual abilities' which, according to the Business/Higher Education 
Round Table (Prescott 1992; Sinclair 1992), employers want of their university 
graduate employees, and also to place any field of study in an 'intellectual context', a 
concern of the Australian Vice-Chancellors' Committee (cited Bowden and Masters, 
1993, p60).  
 
The revised Bloom’s taxonomy (Anderson et al. 2001) clearly illustrates the 
significance of deep learning to the essential engineering attributes. It includes six 
cognitive process categories. The first, ‘Remember’ is most closely related to rote 
learning whilst the other five ‘Understand’, ‘Apply’, ‘Analyse’, ‘Evaluate’ and 
‘Create’ are associated with increasing levels of deep learning.   
   
Students’ perception of task demands strongly influences their study approach when 
handling a particular learning task. Provided that they have the appropriate learning 
strategies at their disposal, students will orchestrate their study to accomplish the 
task using the learning strategies they find most suited to the learning context. This 
includes a wide variety of factors such as preferred learning style, prior knowledge, 
experience and their expectation of the demands of the assessment (Tang 1994). If 
the student perceives the assessment as passive acquisition and accurate reproduction 
of details, he or she adopts a low-level cognitive approach such as rote learning. 
When the assessment is perceived to require high level cognitive processing to 
387387 
narrowly focused on the assessed task without providing an understanding of the principles at a level 
necessary for deep learning. 
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demonstrate a thorough understanding, integration and application of the knowledge 
base, then the student is more likely to engage in deep learning (ibid.).  
 
For a firm grasp of detail, rote learning is time-consuming, dissatisfying and fairly 
ineffective. Structured ways of helping students acquire this detail should be 
explored. Other strategies could include providing a theoretic link, visual patterns or 
practical means such as problem solving. 
5.2.1.1 Relationship between learning style and motivation 
Empirical research by Biggs, Ramsden and Entwistle cited by Beswick and Ramsden 
(1987, p.5) has demonstrated a positive correlation between measures of the use of 
the deep approach to learning, and measures of intrinsic motivation. The main 
characteristic of intrinsic motivation is that the rewards come from participation in 
the task rather than a consequence of its completion. Intrinsically motivated students 
get satisfaction out of learning things in depth, independently of the extrinsic 
rewards. Even for assessment based on recall of facts, intrinsically motivated deep 
oriented students wish to first understand the content. This is a strategy called 'deep 
memorisation'. Students understand when they can integrate their new knowledge 
with their existing cognitive frameworks (Mayer 2002). 
 
Extrinsically motivated students are motivated by the result of passing the 
assessment criteria, e.g.: status, future career, high income, job security, etc. Such 
motivators provide incentive for the surface approach. Research by Deci, cited by 
Beswick and Ramsden (1987) has shown in general there is a strong tendency for 
extrinsic motivation to suppress intrinsic motivation. Later research by Benare and 
Deci also cited (ibid.) suggests the key to moderating this suppression lies in 
individual self respect, perceived confidence, self determination, self efficiency or 
personal control. An intrinsically motivated student seeks a feeling of self-fulfilment 
from such outcomes as a worthwhile accomplishment or pride in his or her work. 
The student must have ownership and feel that it is his or her own accomplishment.  
 
Thus special effort needs to be taken to enhance the learner’s belief in his or her 
personal control of the learning task. This is a feature of good computer aided 
learning (CAL) program design that has in turn been learned from the video game 
industry (Ferguson and Wong, 1995a).  It applies equally to face-to-face teaching. 
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The teacher must take care to increase the student’s sense of control over the 
learning task, particularly when extrinsic motivation is likely to be strong enough to 
suppress intrinsic motivation. If this is not done the student may abandon the deep 
approach in favour of minimising strategies.  
5.2.1.2 Teaching and assessment strategies for deep learning 
In comparing teaching that encourages deep learning with that which encourages 
surface learning, Sharp, cited (Nightingale et al., 1996, p.6) states: 
On the other hand, (assessment) which requires the student to apply knowledge gained on the 
course to the solution of novel problems, not previously seen by the student . . . cannot be tackled 
without a deeper understanding. 
 
The difficulty is to provide the opportunity for students to apply their newly acquired 
knowledge to real and challenging problems that will develop the required 
competencies, give them the chance to learn in depth and test the limits of their 
understanding. The problems should provide significant learning experiences, 
provide feedback that leads the students to successful completion of the task and 
build positive attitudes to lifelong learning. A review of research by Biggs and Telfer 
cited in Gibbs, (1994, p.173) into teaching that gave evidence of deep learning 
showed that the most successful teaching strategies involved one or more of: 
• Appropriate motivational context 
• Interaction with others, both teachers and peers 
• High degree of learner activity  
• A well-structured knowledge base 
 
Traditionally the most common assessment methods used in engineering schools 
have been assignments, examinations, and projects, but with higher education 
shifting emphasis from input (course content) to output (graduate attributes) and 
from teaching to learning, active learning techniques such as project–based learning 
and problem–based learning are gaining prominence (Fosmire & Macklin 2002). 
Research has shown students learn better when actively engaged than passively 
absorbing lecture content (ibid.). They introduce a new rich variety of assessment 
methods and can be very effective in developing appropriate attributes. Selection of 
assessment method should depend on the skills to be developed and a mixture of 
methods is usually preferred. Problem-based learning and project-based learning are 
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more tolerant of the increasing variations of background skill levels and learning 
styles of the student than the traditional teaching and learning methods (BIE 2002).  
 
The deep learning implications of these assessment methods are reviewed below. 
5.2.1.2.1 Assignments 
Although generally perceived as requiring a deep learning approach, the student may 
limit the deep approach to the minimum boundaries set by the assignment problem. 
The wide range of assignment tasks includes essays, reports, calculations, designs, 
drawings and experiments. Those motivated to a surface approach frequently read 
only selected passages of background texts that seem relevant to the assignment, and 
often take this information out of context. Assignments should be set to ensure they 
encourage deep engagement in the competencies required and be as realistic 
(authentic) as possible. The assignment format is perhaps the most flexible form of 
assessment that can be used to incorporate elements of teaching that encourage and 
develop deep learning skills. The assessment criteria for each assignment should be 
designed to encourage deep learning and development of the required competencies 
and defined in the assignment instructions.  
 
Often students do not have knowledge of procedural strategies, and frequently use 
collaborative learning to discuss them, and interact with peers and teachers. 
Interaction with peers also helps develop team skills. It is noted anecdotally 
however, that collaborative learning with peers is much less frequent in the early 
years of undergraduate study so strategies to encourage it should be developed. 
5.2.1.2.2 Projects 
Individual extended projects such as the traditional final year engineering project 
also provide excellent opportunities for deep learning. They meet three of the four 
successful teaching strategies listed by Biggs and Telfer: 
• motivation (if the project has been selected by the student) 
• learner activity, and  
• based on a well structured knowledge base (if correctly supervised)  
 
Individual projects also involve interaction with teachers but not with peers. Group 
projects complete the fourth element of successful deep learning - interaction with 
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peers - while also supporting development of team skills. However, group projects 
require careful supervision to ensure all team members fully engage in responsible 
roles in the project. If not, the more extrinsically motivated or less able students may 
leave issues requiring deep learning to other team members and simply take on tasks 
based on shallow learning. The selection of tasks for each team member therefore is 
significant. Each student should have a task for which he or she is highly motivated 
and no student should be given a task outside his or her capabilities. The difficulty of 
arriving at a fair mark for individuals is one of the most common reasons given for 
not using group work for assessment purposes. However, the IEAust accreditation 
panel report increasing use of team based activities. (Bradley 2005b) 
 
Final year engineering projects (individual or group) are traditionally assessed 
primarily by a final project report (major component of assessment) and by an oral 
presentation (minor component of assessment). This activity can be used to develop 
a useful range of competencies such as acquisition of information, design or research 
skills, written and oral communication, planning, and time management, as well as 
extending capacity for deep learning. Projects have an essential cross-disciplinary 
role often involving authentic ill-structured problems characteristic of professional 
practice. 
 5.2.1.2.3 Examinations 
As discussed, deep or shallow learning is heavily influenced by assessment. Tang 
(1994) showed that for a test designed to assess memory recall, an organised surface 
approach involving systematic rote learning of focused parts of the content is an 
effective way of studying. She found deep strategies counter-productive to passing 
with minimal effort but intrinsically motivated students perceiving the task to require 
them to memorise content adopted a ‘deep memorisation’ strategy in which they 
memorised facts after they understood them and so were not disadvantaged.  
 
Rote learning for examinations depends on the student’s expectation of the 
examination. Under pressure to maintain good pass rates, lecturers often make their 
examinations predictable - either routinely similar to past examinations or tutorial 
questions. Students simply rote learn a set of standard solutions (a procedural skill) 
rather than meeting the learning objectives set. Several contemporary researchers 
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(Dahlgren, Marton and Saljo, Ramsden, and Boud) cited by Nightingale et al., (1996 
p.128) found that numerous students who did well in examinations designed to test 
understanding harboured misconceptions of underlying principles.  
 
If, instead of this, the examination was set to test the student’s professional 
competency in being able to adapt their new knowledge to solve a wide range of 
problems in the subject area, a deep approach to learning should have been 
necessary. The examination method known as Modified Essay Question (MEQ) is 
one example. It consists of a structured series of questions relating to a gradually 
unfolding problem. Students answer the questions in the correct order and to strict 
time limits (each answer is collected at the appropriate time) and they are not 
allowed to look at future questions (which contain answers to the earlier questions). 
Indicating the answer to the last question at each step prevents the situation where a 
student makes a mistake early in the exam that affects all subsequent questions. It 
also acts as a feedback to the students on their previous answers. 
 
With larger class sizes multiple choice examinations have become attractive as a 
faster method of assessing a large number of students, although they are time 
consuming to devise (UCDCTL n.d.). Questions should not simply test items of 
knowledge that can be rote learned without understanding. The Engineering Subject 
Centre (n.d.) suggests even short questions can require a demonstration of 
knowledge application. Detailed conceptual knowledge can also be assessed and by 
careful selection of ‘distracters’ (options other than the correct answer) to reflect 
common misconceptions multiple choice examinations can be made challenging and 
encourage knowledge with understanding. Using web assisted course delivery (e.g. 
WebCT and Blackboard) they can be very effective in providing instant feedback to 
students throughout the unit.       
 
There is somewhat conflicting research on the value of open-book and closed book 
examinations. Feller, cited by Koutselini-Ioannidou (1996), carried out evaluative 
studies to show that closed-book examinations demonstrate only that students can do 
what they have been able to memorise, and that open-book testing evaluates high-
level skills such as conceptualising, problem solving and reasoning. However, 
research by Koutselini-Ioannidou (ibid.) showed that these two modes did not 
measure different abilities when the examination is designed on the basis of critical 
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thinking and other higher order skills. Achievement was higher for definition and use 
of terminology and for problem solving in closed book as opposed to open-book 
examinations, and there was no significant difference in achievement in any other 
category.  
 
Traditionally, examinations have been a preferred method of summative assessment 
because they isolate students from the potential of unfair external support that may 
be available to some students in tackling assignment based assessment.52    However, 
it should be recognised that, for many, examinations can cause high levels of stress 
(O’Neill  n.d.) and studies show norepinephrine released in the body by acute stress 
may help short-term memory (associated with rote learning) but hinder flexible 
thinking necessary for problem solving (Alexander & Beversdorf 2004; Stress ‘bad 
for exam performance’ 2004.)  Further, Baker, Ware, Spires and Osborn (cited 
Sullivan, 2002) found individual differences influence stress-performance 
relationships. In the extreme some students become dysfunctional. Nevertheless, 
research by Hall et al (2005, 2006) shows strong correlation between the continuous 
assessment (assignments and laboratory reports) and examination marks in structural 
mechanics units. 
5.2.1.2.4 Portfolios 
Two projects exploring the use of portfolios in engineering higher education and 
professional development commenced in the mid 1990s in the UK. They were 
directly focused on competency/attribute development and in this they were practice 
based, presenting systematic and organised collections of evidence to demonstrate 
development and achievement of specified competencies or attributes. One project 
was focused on the development and assessment of engineering competencies in the 
workplace and the other on the development of four core SARTOR (Engineering 
Council 1997) attributes in a ‘sandwich course’ undergraduate program53 In this 
                                                 
52 In the late 1990s concerns over the authentication of students’ work in the common assessment 
tasks (CATs) of the Victorian Certificate of Education included claims of private tutors ‘over 
assisting’ students. This led to a new policy that students completed their assessment tasks in class 
(Timmins 2002).  
53 Information provided by Tony Pierce of the Open University Vocational Qualifications Centre. The 
OU project commenced mid 1995 for Scottish Power who provided their engineers with suitable 
practice based training opportunities to develop attributes to meet the new (UK) Engineering Services 
Standing Conference requirements. Curriculum and knowledge base assessment strategies where 
developed by the OU. 
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program, although the sandwich year provided the largest source of attribute 
evidence, the portfolio period covered the full degree course and was well supported 
throughout by tutorials and written guidelines. In addition to providing a major focus 
for students on the development of defined attributes, the portfolio strategy would 
engender the habit of reflective continuing professional development. A downside of 
this teaching strategy is that it is highly resource intensive and thus more suited to 
small groups. However increasing use of this teaching strategy has also been 
observed by the Engineers Australia accreditation panels (Bradley 2005b). 
5.2.1.2.5 Problem-based Learning 
Problem based learning began in the early 1970s at the medical school of McMaster 
University, Canada (Rhem 1998). It has since attracted growing attention in a range 
of vocational disciplines - particularly medicine and dentistry. It is described as “an 
instructional strategy in which students confront contextualised, ill-structured 
problems and strive to find meaningful solutions’ (ibid).  It is a teaching strategy to 
increase intrinsic motivation and thus deep learning by forcing students to grapple 
with realistic problems and make their own connections between theory and practice. 
The process starts with introducing students to the problems and leads them to the 
acquisition of knowledge and skills necessary to find the solutions. However the 
focus is on problem management (Savin-Baden 2003 cited Davis and Wilcock n.d.) 
 
Problem-based learning is an ideal platform for delivering a range of attributes 
including, for example, development of attitudes, lifelong learning skills and 
particularly for holistic problem solving and creative thinking. Problem-based 
learning provides for integrated and authentic assessment, is often group based, and 
requires considerable effort to structure and create the authentic staged sequence of 
problems and steps in developing competencies. It is a significant departure from 
conventional teaching methods and, to be effective, it requires induction and training 
 
for academic staff, as well as considerable enthusiasm and commitment to make it 
effective. These provide the biggest challenges to faculties (ibid.).  
 
Assessment strategies are varied and depend on the competencies being assessed. 
Assessment methods have included oral presentations, simulated interviews, poster 
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displays, observations of procedures and team interaction, a portfolio of solutions, 
working models, and/or reports. The MEQ examination method described earlier can 
also be considered a problem-based learning assessment method. 
5.2.1.2.6 Project-based Learning 
Like problem-based learning, project based learning consists of a series of tasks 
designed to develop predetermined competencies and knowledge. In practice there is 
an overlap with problem based learning (Davis and Wilcock n.d.). Savin-Baden 
(2003 cited ibid.) highlights the differences.  In project-based leaning:  
• The learning is more task oriented with activity often set by the tutor. 
• The tutor supervises rather than facilitates  
• Focus on the solution or strategy to solve the problem (for problem-based 
learning the focus is on problem management)  
• Provides supporting lectures or draws on previous lectures. (Lectures are not 
usual in problem-based learning)  
 
 In a typical program the projects (usually group projects) may be selected by the 
students to a theme defined by the school. The selected themes are chosen to engage 
the students in activities that draw upon the background teaching program that 
delivers the required technical elements. In some cases special seminars and 
workshops may be arranged to address key elements of the project. Because of this, 
project-based learning is more focused on the educational outcomes than project 
units such as the final year project. Increasing use of project based learning in 
Australian engineering schools in attribute development has been observed by the 
Engineers Australia accreditation panels (Bradley 2005b).  
 
Internationally there has been substantial interest in courses that offer multiple group 
projects. A notable example is the 'Masters for the New Millennium' project led 
education program of the Faculty of Mechanical Engineering of the University of 
Twente (Powell & Grunefeld 1999). In this program there are six group projects in 
the first three years (the undergraduate program) each integrated with parallel 
subjects, to support the projects. There is also a major individual project in the 
graduate program that follows. The project has placed heavy demands on staff. 
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5.2.2 Case Study: Teaching strategies to address high failure rates in 
structural mechanics units. 
 For many years the two structural mechanics units in the School of Engineering and 
Technology at Deakin University had unacceptably high failure rates. For the third 
year unit Stress Analysis this was typically 50% for both on- and off- campus 
students. In 2003 a fresh team of academics was appointed to take over the teaching 
of the unit charged with improving the pass rate without reducing standards. The 
candidate was appointed unit chair. The unit has an examination ‘hurdle’ i.e. a 
minimum examination score of 40% is necessary for an overall pass. Continuous 
assessment consisted of laboratory exercises and three assignments each worth just 
6% of total assessment. The printed study notes also contained unassessed problems 
to assist formative development with solutions provided on-line.  
 
Inadequate preparation from the prerequisite unit Statics and Strength of Materials 
was discovered to be a key factor in poor student performance. Teaching strategies 
adopted in 2004 were class based: substantial revision of appropriate prerequisite 
knowledge prior to each topic; adoption of ‘rolling tutorials’ where the tutorials are 
included in the lectures at appropriate points to reinforce learning54; and a half day 
workshop to which off-campus students were invited. Off-campus students also had 
on-line access to the on-campus lecture overheads which included revision material. 
This reduced the on-campus failure rate to below 40%, but there was only a minor 
reduction in off-campus failure rate.  
 
Additional strategies adopted in 2005 were a focus on key prerequisite material in 
the first assignment, and an additional half day workshop. The result was 
remarkable: a fall in on-campus failure rate to 20% and a sizeable fall in off-campus 
failure.  
 
A comparative analysis of the results (Hall et al. 2005; 2006) of both structural 
mechanics units over a two year period shows strong correlation between continuous 
assessment and examination results but with considerably higher average scores for 
assignments and laboratory reports. The authors suggest a poor result in continuous 
                                                 
54 A study of Chemical Engineering students by Jollands, Wright and Swinbourne (2003) showed this 
to be the most popular tutorial model. 
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assessment is indicative of unwillingness of those students to fully participate in all 
aspects of the unit and thus limits the reinforcement of concepts and the development 
of numerical and analytical skills necessary to reach the exam hurdle.  
 
The low contribution of continuous assessment (30%) to the overall assessment is 
considered a major factor for extrinsically motivated students and so will be 
increased to 40% in 2006 along with a corresponding increase in assignment content. 
 
In the longer term, on-line multiple choice tests using computer randomly selected 
questions from a large question bank will form part of the continuous assessment 
component enabling instant feedback on progress. 
5.3 CDIO Initiative Integrated Engineering Programs 
CDIO stands for Conceive, Design, Implement and Operate. It is a concept for the 
development of the whole undergraduate engineering program conceived in the MIT 
Aero-Astro Department toward the end of the 1990s and is now being adopted 
internationally as the CDIO initiative (MIT n.d.; CDIO n.d.). It is an attribute 
focused curricular reform with coordinated and linked subject specialisms, design 
and build projects, and encouragement to undertake extracurricular learning through 
integrating internships, co-ops and student-generated projects. Conceive, design 
implement and operate are effectively the essential functions of an engineer thus the 
program best reflects professional practice and can provide a more naturally 
environment for developing the ideal professional engineering attribute profile. 
Indeed, the first task engineering schools are required to do in setting up a CDIO 
program is to determine the attributes to be developed through focus groups from 
industry, engineering faculty and alumni. 
 
 The programs focus on integrated learning experiences where personal, 
interpersonal, product and system building skills are developed simultaneously with 
the acquisition of disciplinary knowledge. It is makes increased use of Active 
Learning in which students are engaged directly in thinking and problem solving 
activities often in a team environment. Its key educational features include: 
• Increased active learning 
• An emphasis on problem formulation and solution 
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• A through examination of the underlying concepts behind the ‘tools and 
techniques of engineering’. 
(ibid.) 
As such this approach should repress extrinsic motivation and support deep learning.  
 
Not only does this initiative place heavy demands on staff but in many cases the 
engineering school teaching infrastructures - workshops, laboratories, computer 
laboratories, team spaces and personal spaces - are being redesigned to provide the 
ideal environment for each activity. Nevertheless this initiative should have a 
significant impact on learning and attribute outcomes.  
5.4 Teaching and Assessment to Develop 
Professional Competencies. 
Traditionally assessment in engineering schools has focused on the summative 
evaluation of the power of students to recall, sometimes in the context of 
mathematical skills and analysis directly relating to the limited discipline of the 
subject being taught. In developing their NOOSR 'Guide to the Development of 
Competency Standards for the Professions', Heywood et al. (1992):  
recognise the current universal practice of the inference of performance competencies implicit in 
the ability to pass examinations and obtain qualifications. It is obvious, of course, that such 
demonstration of a knowledge base may not necessarily be translatable into competent 
professional practice in the work place, and up to the present the employer or client has tested 
that inference in the work place. 
 
The IEAust course accreditation attributes, discussed in Chapter 4, require 
development of a much broader range of attributes than before. However, a holistic 
view of the IEAust attributes shows a degree of commonality in the generic attributes 
that underpin them. Many IEAust attributes can be developed and assessed by 
changing or modifying the teaching and assessment strategies used in delivering the 
knowledge base, and suitable strategies also can develop a deeper understanding.  
 
 
However other attributes add directly to the content load of an already overloaded 
curriculum. Many graduate engineers feel that their 'workloads at university are so 
high that they did not have time to understand their courses' (Richardson, 1997). To 
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accommodate new content, current course content must be reviewed55. The selection 
and design of assessment tasks and the teaching program must focus on the desired 
learning outcomes. There must be consistency between the identified aims and 
desired outcomes of the study program, and the teaching and assessment methods.  
 
One concern is that a key professional attribute may form only a minor part of the 
assessment for each study unit in which it is assessed. Students who enter a course 
with seriously deficient skills essential for professional performance may simply 
accept the loss of marks in these study units caused by that skill deficiency rather 
than feel challenged to improve. To maximise the assessment results, the students 
may judge the time involved in overcoming these deficiencies may be spent more 
profitably in improving non-essential skills. Eventually they graduate with serious 
deficiencies in their professional attributes.  
 
Criterion referenced assessment56 provides a strategy to overcome this.  It is defined 
as the assessment of the extent to which a student achieves each of the goals of a 
subject (which can be framed in terms of attribute development) against previously 
specified criteria (Harvey 2004). It can be used to provide a more targeted formative 
learning driver to develop the essential attributes by facilitating the separation of 
assessment of essential attributes from the 'nice-to-have'. This allows minimum 
standards to be set for each essential attribute before a pass can be awarded. Higher 
grades can then be awarded to those who achieved better standards for the essential 
attributes and/or the 'nice-to-have' attributes. Over the past decade doubts on the 
fairness and accountability of norm referencing have led to an upsurge in use of 
criterion referenced assessment (Dunn Parry &Morgan 2002).  
5.4.1 IEAust 1999 Accreditation Attributes (See Table 4-1) 
1. Ability to apply knowledge of basic science and engineering fundamentals 
                                                 
55 Reluctance to remove dated curricula was recognised in ‘The saber-tooth curriculum’ written by 
Harold Benjamin in 1939 cited in (Hooper, 1971). It used the allegory of a tribe who institutionalised 
their learning for survival, but failed to reform their curriculum. Their curriculum dealt so well with 
the hunting of sabre tooth tigers that these tigers became extinct, but the tribe's young continued to be 
instructed in the hunting of sabre tooth tigers for various “educational” reasons - it was basic to tribal 
tradition, provided essential discipline etc.  
 
56 It originates from the objective testing movement of the 1950s (Teaching and learning support,  
n.d.) and is also known as ‘goals-based assessment and ‘standards referenced assessment) 
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Demonstration of the attribute requires the supporting competence of in-depth basic 
knowledge in these fields. Development of a sound knowledge base is discussed in 
Attribute 3: In-depth technical competence in at least one engineering discipline. The 
ability to apply knowledge in engineering practice is conventionally developed and 
assessed through a variety of methods including assignment problems, design 
projects, and examinations.  
 
One implicit skill in applying science and engineering knowledge is the ability to 
consider a broad range of factors. Most engineering problems are not solvable by 
consideration of single specialised areas of knowledge, but involve an optimum 
solution influenced by a number of disparate areas of engineering and science 
(including the mathematical sciences). Research into physics learning shows that 
students have difficulty in connecting abstract fundamental concepts to 
understanding derived from experience (Brereton et al., 1995). Thus it is essential to 
provide mechanisms for students to integrate conceptual knowledge with practice, as 
they would in the engineering workplace, to reinforce deep learning and give a focus 
for reflection. Problem-based and project-based learning and even laboratory 
experiments can provide experiences with which to support deep learning in the 
knowledge base.  
2. Ability to communicate effectively with engineers and the 
community 
Communication within industry can take many forms including electronic mail 
(email), telephone, letter, memoranda, report writing, engineering drawings, charts, 
diagrams and oral presentations. The essential skills are written, verbal and 
graphical.  
Written communication 
In Australian higher education it is rare to find a set task having the sole purpose of 
assessing skill in effective written communication. Essay-based assignments are used 
to assess content rather than writing skills. However, separating competency in 
writing skills from the subject-based study can increase surface learning if it 
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overloads the curriculum.57 One approach is to ensure that students submitting essays 
style assignments have brief 'key point' refresher guidance on writing skills essential 
to the task, with direct reference to easily accessed support material. Motivation 
should be given by including writing skill assessment, informing students of this and 
providing instructive feedback.  
Oral communication 
The skills of presentation to a group are traditionally 'developed' solely by requiring 
students to make an oral presentation of the final year project. Until the 1990s most 
courses did not even provide any instruction or guidance on oral presentation. 
However, the increasing number of engineering faculties world wide that include 
group projects are providing greater opportunities to develop this skill. In knowledge 
based courses, allocating topics to each student on which to make oral presentations 
and answer peer and lecturer discussion questions supports both oral communication 
skills and deep learning. Success in answering discussion questions requires deep 
learning from the presenter and the discussion itself encourages deep learning in all 
students. The approach is convenient for small classes with on-campus students. 
Graphical communication   
Numerous opportunities at all levels can provide practice and feedback in graphical 
communication skills through assessable tasks such as Computer Aided Design 
(CAD), graphs, planning charts, and flow charts. The attributes of three dimensional 
(spatial) and dynamic visioning ability can be developed in CAD and significantly 
enhanced by use of appropriately designed computer aided learning programs. There 
is evidence (Field, 1995) that spatial visualisation skills are enhanced by studies in 
descriptive geometry. The final year project should give substantial opportunities to 
practice written verbal and graphical skills in an authentic setting and with feedback.  
                                                 
57 Beswick and Ramsden report a negative example of an additional activity-based optional unit 
developed specifically to deliver study skills to students over a number of Faculties. To overcome 
recognised deficiencies in the learning skills of their students, one university developed a learning 
skills program separate from the subject based classes and found that this led to an increase in the use 
of the surface approach to learning. The study skills included were written and oral communication, 
library skills, how to take notes, examination preparation etc. (Beswick and Ramsden, 1987, p.11). 
One reason given for the increase in surface learning was that the extra workload of this unit forced 
the students into adopting minimisation techniques to enable them to cope with the workload. 
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Effective communication within the profession and the community at 
large 
Many graphical skills for speedy and accurate communication of technical detail 
within the profession have limited use in communicating with the community at 
large. Discipline-specific language in verbal and written communication is an 
efficient and accurate way to communicate specific detail with others in the same 
specialism, but is not suitable to communicate ideas or concerns to engineers or 
others not fluent in that language. Lack of empathy in the use of specialised language 
restricts the engineer's ability not only to inform the community and influence 
political decisions; it also presents problems in interacting with other engineers, 
other professionals and other members of the work force. For example, effective 
communication is essential for financing and marketing engineering ideas and 
projects. Students must develop communication skills to meet such situations, 
perhaps through occasional written assignments in discipline based units with that 
requirement included. Effective communication within the profession is developed at 
the School of Engineering and Technology at Deakin University through the final 
year engineering project program58 which includes a poster presentation targeted to 
all engineering students (all disciplines and year levels) and two oral presentations 
targeted at all third and fourth year students. These assessments encourage deep 
learning by causing the student to think more clearly about the concepts involved, as 
well as developing empathy for non-specialist recipients of engineering 
communications. 
3. In-depth technical competence in at least one engineering discipline 
Technical competence requires knowledge and skill. For 'in-depth' competence, the 
knowledge base must be sound, acquired by a deep learning approach. Skills include 
procedures and techniques as well as problem solving and design skills discussed 
later in ‘other’ attributes. 
Knowledge base 
Research discussed above shows that numerous students with fundamental flaws in 
their understanding can pass examinations set to assess that understanding. John 
                                                 
58 As Director, Engineering Projects, the candidate is responsible for this program.  
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Biggs cited by Nightingale et al. (1996, p.128) proposed that development of 
learning for understanding follows five stages of increasing complexity:  
1. Pre-structural: No coherent grasp of the material. Isolated facts or skills only.  
2. Uni-structural: Mastery of a single relevant aspect. 
3. Multi-structural: Several relevant aspects mastered separately. 
4. Relational: Several relevant mastered aspects integrated into a theoretical 
structure. 
5. Extended abstract: Expertise. Material is mastered within the integrated 
structure and related to other knowledge domains. Student is enabled to 
theorise about the domain.  
 
In this model of learning, assessment of isolated aspects of knowledge does not 
distinguish between students at the third stage and those at the fourth or fifth stages. 
Such assessment encourages surface learning: it does not give credit for the 
substantial deep learning necessary to move from level 3 to level 4. Assessment that 
encourages deep learning must assess and reward an understanding of the integrated 
nature of the knowledge domain. For learning for understanding in higher education, 
a ‘Concept Framework’ model is proposed by the candidate, aimed at delivering and 
assessing higher order abilities and reducing the predisposition to rote learn:  
• The concept framework is first outlined together with its relationship to other 
major knowledge domains.  
• Information on various aspects and their respective relationships is then 
developed within that broad knowledge framework.  
• Then more complex knowledge of the various aspects is developed and 
knowledge of its relationship with other knowledge domains is extended.  
 
The Concept Framework model keeps the learning objectives focused and engages 
deep learning from the start. The key is to focus on the outcome and develop deep 
learning approaches in teaching and assessment. Assessment approaches may vary 
from simply rephrasing tutorial questions, to major restructuring of units. Amongst 
approaches that have been applied to develop learning with understanding are 
authentic tasks that require reasoning (Nightingale et al, 1996) and include active 
student centred learning approaches such as problem-based learning (Soerensen 
2005; O’Neill and McMahon 2005) and portfolios (ibid.).   
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Skills base 
Some skills may be procedural whilst others are ill-defined and difficult to specify. 
Ill-structured problem solving and design fall into the latter category and are 
considered elsewhere. Procedural skills involve carrying out a clear sequence of 
steps and performance depends on a combination of knowledge, psychomotor skills 
and attitudinal factors such as care and attention to detail. 
  
There are two approaches to assessing skill: assessing the process, or assessing the 
product. Unless serious errors in carrying out the process are not easily apparent in 
the product, it is more convenient and time efficient to assess the product, for 
example, where the skills in designing and crafting are inferred from the product 
rather than assessment of processes used. Skill in the use of software such as 
computer aided design and project-planning packages are similarly assessed. Often 
in cases where procedure is important, as in laboratory experiments, skills and 
procedures are assessed from the description in the laboratory report. For many skills 
the knowledge base required can be assessed separately to ensure it is soundly based 
on deep learning rather than limited to the minimum required for the particular task 
in hand. As with communication skills, the key is clear uncomplicated instruction, 
practice and feedback.  
4. Ability to undertake problem identification, formulation and solution  
Kurfiss defines problem solving as 'mental activity leading from an unsatisfactory 
state to a more desired goal state' (Nightingale et al., 1996, p.40). It involves 
analytical skills that are amongst the higher order skills. Problem solving varies from 
the well structured to the (initially) ill structured. Well-structured problems are 
clearly stated with all the information needed to solve the problem available - either 
stated in the problem or known to the student. At the most basic level, solving well-
structured problems is a procedural skill, as in correctly applying a standard method 
of solution such as an algorithm. Ill-structured problems are often open-ended and 
ill-defined, with no means of knowing when the problem is solved. They do not 
contain all the information to make an optimum decision. Most problems 
encountered in professional practice fall somewhere in between. Research by Flynn 
(1999; Newby 2004; Deary 2001, pp.102-113) suggests the phenomenon of huge 
inter-generational IQ gains (known as the “Flynn Effect”) is caused by an increase in 
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‘fluid intelligence” i.e. lateral thinking, which supports ill-structured problem 
solving.  
 
Research exploring the differences between an expert and a novice problem solver 
shows that the primary difference 'is that experts posses an extensive and highly 
organised body of conceptual and procedural knowledge (that is combination of 
specific facts and procedures for utilising those facts) that is readily accessed and 
used in combination with superior monitoring and self-regulation skills.' 
(Nightingale et al, 1996, p.46) Thus the development of problem solving skills needs 
to be in association with a knowledge domain. Research by Jackling et al., also 
concluded that association of problem solving skills with a knowledge domain was 
also a requirement for the effective development and transferability of cognitive 
skills (ibid.).  Stages in teaching and assessment for problem solving include: 
1. Identify the stage between novice and expert we would like students to be at 
different stages in the course.  
2. Identify the problem solving ability that can reasonably be expected at these 
points. 
3. Provide support to enable them to develop an appropriate range of strategies. 
4. Find suitable authentic problems to challenge the students at the right level.  
5. Determine the assessment criteria that should recognise and credit the various 
events in the problem solving process suggested by Hayes (ibid.): 
• Finding the problem: recognising that there is a problem. 
• Representing the problem: recognising the nature of the gap to be crossed. 
• Devising a plan: choosing a method for crossing the gap. 
• Carrying out the plan. 
• Evaluating the outcome: asking, 'How good is the result?' once the plan is 
carried out. 
• Consolidating the gains: learning from experience. 
 
Marks should be attributed for demonstration of ability at each stage for the 
given problem. Finding the best way to represent a problem is the most critical 
Chapter Five Teaching Strategies to Develop Professional Attributes 138   
 
element in problem solving59. From consideration of the general problem 
solving process above, the detailed problem solving process (and acceptable 
variants) should be determined and marks attributed to each stage. The 
following is an example of the start of the detailed stages in a typical ill-
defined problem: 
• Correctly identifies the clues that indicate that there is a problem 
• Identifies the further information required to get a better understanding of 
the problem 
• Knows where to look for that information 
• Demonstrates an understanding of each of the concepts, etc. 
6.  Provide formative feedback: identify any issue with the strategies used and 
suggest alternatives. 
 
Relatively ill defined problem based assignments within discipline based units will 
help develop problem solving expertise in association with a knowledge domain and 
encourage deep learning in it. However, most authentic real life problems, for which 
the graduate should be prepared, do not come tagged with 'this is a second level 
fluids problem'. In real life, ill-defined problems cross domains of specialised 
knowledge and may go into discipline areas that are not part of the course. Although 
some problems can be solved mechanistically, others are complex and require a 
systemic problem solving approach. They are often ill defined and may involve a 
range of considerations that cross the domains of the units the student has studied, 
and often must take into consideration factors the student has never studied.  
 
Traditionally university engineering faculties use the final year project to give 
students the ability to base problem solving ability on the integrated knowledge 
domains of the whole course - but the potential to do this depends on the actual 
projects chosen by the student. Problem based assignments can also be used to 
support other competencies such as developing information acquisition skills, or 
determining new information through experimentation. Creative thinking skills will 
also impact on the quality of outcome.    
                                                 
59 This echoes Einstein’s quote “The mere formulation of the problem is often far more essential than 
its solution, which may be merely a matter of mathematical or experimental skill.” (Explorit Science 
Center 2005) 
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5. Ability to utilize a systems approach to design and operational 
performance 
Discipline based units study specialised elements within a profession but design is 
much more than just the sum of these disparate elements. 'Design 
professionals….deal often with uncertainty, uniqueness and conflict. The non-routine 
situations of practice are at least partly indeterminate and must somehow be made 
coherent.' (Schon 1987, p.157)  Design also requires creative skills - considered 
below as a separate competency.  
 
Design can only be coherent if considered in a holistic way. The whole concept of 
the design must be considered at every stage. It is essential to consider the interaction 
of each design decision on the design outcome as a whole. The result of every detail 
change must be an improvement in performance in a holistic sense. Therefore it 
cannot be learned in a modular way. The systems approach to design and operational 
performance is a holistic approach. It is a concern for the whole rather than a 
preoccupation with optimising parts of components or manufacturing processes. 
Each system can be subdivided into a hierarchy of subsystems, each of which can be 
considered holistically. However the focus has to be on the whole system represented 
by the design or operational performance.  
 
Often engineers are criticised for focusing too much on optimising parts of products 
or manufacturing processes and losing track of the bigger picture. The approach 
could come from the traditional engineering course structure that breaks up the 
knowledge base into study units specialising in separate domains. Since the late 
1960s, engineering design at various levels in engineering courses supports the 
integration of knowledge domains, but often mainly by classroom teaching. Schon 
(ibid.) gives a number of reasons why design cannot be taught wholly or mainly by 
classroom teaching: 
• The gap between a description of designing and the knowing-in-action that 
corresponds to it must be filled by reflection-in-action. 
• Designing must be grasped as a whole, by experiencing it in action. 
• Design depends on recognition of design qualities, which must be learned by 
doing. 
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• Descriptions of designing are likely to be perceived initially as confusing, 
vague, ambiguous, or incomplete; their clarification depends on dialogue in 
which understandings and misunderstandings are revealed through action. 
• Because designing is a creative process in which a designer comes to see and 
do things in new ways, no prior description of it can take the place of learning 
by doing. 
   
The teaching of design with a systems approach involves development of a holistic 
focus in a 'learning-by-doing' environment. Assessable design assignments should 
focus on the holistic outcome, and then be broken down into the subsystems with a 
constant focus on the outcome.  Assessment would be based on the holistic design 
and how each subsystem is designed objectively to contribute to the overall 
performance.  
 
For example: in a group design project, the design objectives and overall concept 
design are first developed by group discussions and brainstorming sessions (with the 
supervisor as observer). Appropriate subgroups are then chosen (e.g. 
Instrumentation, Mechanical, Electronic, Computer Systems, Market Research, etc.) 
and the first task of each group is to frame their own design objectives to best meet 
the overall objectives. As each subgroup generates new possible design concepts 
they confer with the other subgroups to discuss the implications on the overall 
design. Inter-group conferral continues throughout the project.  
 
An alternative is to structure design tasks to be achieved on an individual basis. The 
tasks would need to ensure the student first identifies the holistic design and 
performance aims and keeps them in focus throughout the design of the various 
component features. However the benefits of the group approach in competency 
development are not restricted to the systems approach to design. According to 
Habeshaw et al. group project work is the ideal vehicle for the development of skills 
such as communication, leadership, chairing, organisation and peer tutoring (Latham, 
1997). It also develops team skills. 
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6. Ability to function effectively as an individual and in multidisciplinary 
and multicultural teams with the capacity to be a leader or manager as well as 
an effective team member. 
Team skills 
Conventional university assessment focuses almost entirely on individual assessment 
and so works against the development of team skills. The general level of 
performance in a class often influences the marking scheme, leaving many students 
feeling that they are in direct competition with their colleagues. To encourage a team 
approach in group work there must be motivation towards an outcome. For the 
intrinsically motivated the outcome would provide the motivation in itself, but for 
the extrinsically motivated it must come from a combination of group and individual 
assessment. The group assessment provides the motivation for the outcome, but there 
must also be incentive for individual effort. 
 
There are several teaching and assessment platforms for group work to develop team 
skills, including group experiments, group experiment reports and group 
assignments, as well as group design projects as described above. A group project 
could support development of skills in multidisciplinary and multicultural team if it 
draws its members from a range of disciplines and cultural diversity. 
   
Leadership skills    
Leadership has two dimensions: transformational and transactional. Effective 
managerial or team leadership is transformational, driven by high aspirations and 
ideals. Administrative leadership is transactional, where a reward is associated with a 
specified level of performance (Baker & Sarros 2002). A major factor in leadership 
is the personality of the individual. Often good transformational leaders are poor 
administrators and vice versa. A dynamic transformational leader in one situation 
may be a poor leader in another situation. However, leadership training should 
provide situations suitable to enable students to understand the leadership function. 
The basis of transformational leadership is high order change. Strategies noted as 
used by top leaders (Bennis and Nanus, 1985) were:  
1. Having a clear agenda (vision) and being oriented towards results. 
2. Achieving meaning through communication 
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3. Gaining trust through positioning 
4. Gaining recognition through positive self regard 
 
All group activities have the potential for leadership development, particularly when 
enhanced with coaching.  Positive encouragement must be given to enable the leader 
to have a positive self-regard. The selected leader should also be appointed by the 
supervisor or the team, to be recognised by the team as having the authority to lead. 
(It is anticipated that each student in turn will be given opportunities to lead.)  As an 
example: group experiments and reports could make the leader responsible for 
directing the experiment, co-ordinating the results, arranging meetings with the 
group to discuss the results and writing the report.  
 
To give the leader additional incentive to ensure a good outcome the group 
assessment on that experiment report should attribute considerable additional marks 
to the leader. (Overall the assessment is balanced if each student is given equal 
opportunity to be leader.) In addition, the leadership skills in the performance of the 
experiment can be assessed by observation. A group design project can also be 
designed to support leadership skills by requiring each student in turn to take control 
of the 'board meeting' and encouraging all students to express their 'visions' at 
meetings60. A listing of each person’s leadership contribution is requires in the 
design reports.   
 
Assessment of leadership skills is principally by observation and outcome of the 
activities for which the student is leader. Difficulties in the summative aspects of this 
assessment include the subjectivity of the assessor, the variability of group dynamics 
with respect to the chosen team members, and the variability of the student’s ability 
to lead in different project conditions.  
 
The administrative aspects of leadership are procedural and can be developed using 
the current assessment methods of assignments and examinations in management 
units. However, activity based learning should also be used when possible to 
                                                 
60 As an example, this is encouraged for group design assignment in the candidate’s 4th year Design of 
Mechanical Systems unit. It was also a requirement associated with the Cranfield master degree 
program the candidate undertook in the early 1970s. 
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reinforce it. The group design project described can be used to develop 
administrative and organisational skills in such roles as meeting secretary.  
7. & 8. Understanding the social, cultural, global, environmental, and 
business responsibilities of the Professional Engineer, and the need for 
sustainable development, and understanding of the principles of sustainable 
design and development. 
Principles of sustainable design and development now form a key design criterion in 
mechanical design study units. Most young engineers are passionate on sustainability 
and many older engineers who will contribute to their professional development have 
recognised commercial opportunities in being an environmental advocate (Boshier, 
2003). Other attributes require a broader knowledge base of national and global 
issues as well as a thirst to learn of other cultures and are key enablers of Attribute 9. 
The concept framework on which students can build their understanding of social, 
cultural, global and business responsibilities has traditionally been built through 
‘engineers in society’ modules of management units but are also increasingly 
developed in secondary school programs. Further self development can be 
encouraged through class and web based discussion within the various subject 
specialisms   
9. Understanding and commitment to professional and ethical 
responsibilities 
Ethics are becoming increasingly important mainly due to the growing international 
dimension of most engineering work (On the straight and narrow 2005). A 
commitment to professional and ethical responsibilities is an affective domain  
attribute (Krathwohl, Bloom and Masia 1964), heavily influenced by the example set 
by lecturing staff and made evident in study notes, class discussions, and deep study 
considerations in case studies, group projects and the like. They can be reinforced or 
damaged by the prevailing culture in the subsequent employing organisation. But if 
ethical and professional responsibilities are analysed and reinforced in each 
appropriate study situation, the graduate is more likely to retain appropriate attitudes. 
Although values and attitudes are consistently identified by the professions as vital to 
competent professional work, there is little literature on how to assess them (Gonczi 
et al. 1993, p.3).   
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Ethical principles are best taught by engaging students in case study analysis (On the 
straight and narrow 2005). Assessment to drive deep learning could be through 
assessment on the presentation of a well thought out ethical perspective on situations 
involving ethical dilemmas. Often, as in real situations, there is no single correct 
answer and assessment should be based on the principles of problem solving 
(Attribute 4) rather than subjective judgement of the outcome.  
 
Research by the Royal Academy of Engineering found delivery of ethics in 
engineering teaching in UK universities is sparse. In response it has published a 
statement on ethical principles around four tenets: respect for life, law and the public 
good; accuracy and veracity; honesty and integrity; and responsible leadership. It has 
also published an ‘engineering ethics curriculum map’ to enable universities embed 
ethics teaching into their courses and is seeking industrial collaboration to develop a 
portfolio of case studies (ibid)  
 
The Royal Academy of Engineering advocate ethics should be taught through 
engagement of students through case based class discussion rather than factual 
delivery (ibid). To engage off-campus students interactive ethics software using a 
case study approach was developed in 1992 by the School of Engineering and 
Technology of Deakin University (Ferguson & Mandal 1994). 
10. A capacity to undertake lifelong learning 
Some course content dates quickly. Estimates hold that in some areas engineering 
knowledge has a half life of only 5 to 7 years (Lloyd 2001g). In addition, the 
engineer is likely to have several career changes.  
 
This means an increasing requirement for lifelong learning not only to update 
knowledge, but also for individuals to broaden or deepen the knowledge base 
(Ferguson and Wong, 1996) (Ferguson, 1998). Candy et al. (cited by Fuller and 
Chalmers, 1996) suggest that university graduates should possess the following 
characteristics if they are to continue learning after graduation: 
• An enquiring mind, which includes a love of learning and a sense of curiosity. 
• Helicopter vision, which includes a sense of interconnection of fields and 
 breadth of vision. 
• Information literacy, ability to ask questions, use and evaluate information in a 
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  range of contexts and media. 
• A sense of personal efficacy, including a concept of themselves as capable and  
  autonomous learners. 
• A repertoire of learning strategies that can be used in a variety of contexts, 
 which includes an awareness of their own learning strengths and weaknesses. 
 
Fuller and Chalmers suggest that students who adopt a deep approach to learning are 
more likely to display these characteristics, and that there is little evidence that 
courses in learning skills have any lasting benefit. Instruction in learning skills 
should be linked to course content, take place in the regular classes, and include 
advice on when, where and why they are effective. Deep learning should lead to 
greater enjoyment of study, increased curiosity and development of skills in the 
learning process. Graduates with such attributes should be better able to evaluate 
suggested learning strategies and apply those most appropriate to the task. 
Development of the higher level competencies - such as analytical skills, critical 
thinking, and creative thinking - which underpin detailed competencies will also 
better support continuous professional development. Other useful skills for lifelong 
learning include information acquisition skills, as discussed below. To develop 
attitudes that encourage lifelong learning, the undergraduate experience should also 
offer experiences and activities that enable students to develop a sense of excitement 
and challenge in learning, and a sense of lasting achievement.  
  
The other main issue with lifelong learning is the availability of suitable learning 
facilities to fit in with full time work. The opportunities are generally restricted to 
course units that are offered in the evenings or weekends or by intense on-campus 
workshops over several days. Distance education study (to be discussed in Chapter 
7) opens up considerable opportunities.  
5.4.2 Other Recommended Attributes 
The following graduate attributes were not amongst the IEAust 1999 Accreditation 
Attributes but are amongst those also included in the attributes listed in chapter 4 and 
are from a variety of sources (see Notes to Chapter 4). They are also included in the 
survey instrument used in the attribute study described in Chapter 6.  
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The first two critical attributes were not among those recommended by the 1996 
Review of Engineering Education, were included in the 1997 IEAust accreditation 
manual and subsequently removed in the 1999 manual. The famous engineers of the 
Industrial Revolution were great innovators and entrepreneurs with an excellent 
understanding of societal needs. These should be the most significant competencies 
inculcated in students. 
1. An Understanding of the Process of Innovation 
Innovation and its management are key elements in the creation of wealth and 
business survival in the 21st Century. Peter Drucker (1993) defines 'systematic 
innovation' as 'the purposeful and organised search for changes, and in the systematic 
analysis of the opportunities such changes might offer for economic or social 
innovation.' He identifies seven sources of systematic innovation: 
1. The unexpected success, the unexpected failure, the unexpected outside event. 
2. The incongruity between reality as it actually is and as it is assumed to be or 
'ought to be'. 
3. Innovation based on process need. 
4. Change in industry structure or market structure that catches everyone 
unawares. 
5. Demographics. 
6. Changes in perception, mood and meaning. 
7. New knowledge, both scientific and non-scientific. 
 
These provide the 'pressure for change' needed to drive the innovative process. The 
next stage is to define the problem as accurately as possible, as the first stage of the 
creative process. The creative stage itself can be broken into a number of phases 
including problem definition, information retrieval and lateral thinking techniques 
such as brainstorming, analogies and the like. This is possibly the catalyst for the 
most significant change in engineering education. In the 1950s a schism developed 
between science/technology and the arts. The sciences encouraged analytical and 
procedural thinking and the arts encouraged intuition, initiative and lateral thinking. 
Later, the increasing content emphasis in engineering schools and the weight and 
type of assessment had a further stifling affect on the creative process.  
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Research using the Torrance test of creative thinking has shown that the use of 
problem-based learning develops elements of creative thinking (Stevenson, 1994). 
(The Torrance test for creative thinking tested fluency, flexibility, originality, and 
elaboration - either additional detail applied to the response, or more detailed 
solution.)  The use of open-ended problems and problem-based learning, along with 
teacher support rather than criticism are common methods of developing creativity in 
art schools especially those specialising in Industrial Design (Field, 1995).  
 
Possibly the best vehicle to develop innovative skills would be the structured group 
project that has elements of problem-based learning. This would be introduced by 
outlining the pressure for change, involving the students in accurately identifying the 
problem and developing skills in problem formulation. At this stage the structured 
creative process described earlier could be introduced.   
2.  An Understanding of Entrepreneurship 
Entrepreneurship is the ability to convert good ideas into profitable commercial 
ventures. It is the engine of employment. The development of entrepreneurship skills 
in engineering undergraduate programs is significant both for their employment 
participation, national employment, the economy of the nation, and the significance 
of the profession. The 2003 Global Entrepreneurship Monitor study (Reynold, 
Bygrave & Autio 2003) indicated that the level of activity is greatest for those aged 
25 to 34 - in the early years following graduation. During the last 3 decades of the 
20th Century, large organisations shed jobs through downsizing or closure. Some 
became collections of small organisations through decentralisation. Job creation is 
increasingly centred on small and vulnerable start-up organisations. Entrepreneurship 
is crucial for their survival.  
 
 In the education process, the development of entrepreneurial skills could be centred 
on a group business development project. Real world developments should stimulate 
interest in world events, as monitored through sources such as newspapers and 
television and radio programs. The choice of business product could be selected to 
involve sustainability, environmental and cultural issues and thus link with the 
IEAust Attribute 7. Any opportunity for involvement and support for a real start-up 
enterprise would add authenticity for the students.    
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3. Critical Thinking 
Critical thinking is among the higher order skills that underpin a range of other 
competencies. There are close links between critical thinking skills and deep 
learning. According to Norris and Ennis, critical thinking is about reasonable and 
reflective thinking focused on deciding what to believe or do (Nightingale et al., 
1996). They list four elements of critical thinking; reasonable thinking, reflective 
thinking, focused thinking and judgement. 
1 Reasonable thinking relies upon good evidence leading to the best conclusions or judgements.  
2 Reflective thinking examines the reasonableness of ones own and others’ thoughts. It is linked 
with the cognitive processes of deep learning, in that reflective thinking is also believed to be 
stimulated by a perceived mismatch between new information and what is already known. 
Reflection is the process of re-evaluating experience to turn it into learning.   
3 Focused thinking is consciously directed, purposeful and not accidental. To provide that focus, 
the assessment process and criteria must be made clear to the students.   
4 Judgement involves selecting the appropriate issues for consideration, evaluating the evidence, 
assessing and deciding. Issues involved include judging the credibility of the information 
source, the soundness of that information, identifying assumptions and valid logical analysis.   
  
Critical thinking involves not only abilities but also appropriate attitudes, including 
open-mindedness, seeking divergent views and ensuring that any investigations are 
not biased towards a particular outcome. Problematic areas for students may be 
dispositions caused by ethnic, religious or gender related backgrounds that might 
impair critical thinking.     
 
The analysis and construction of argument in relation to critical thinking includes 
both formal and informal logic. Formal logic is deductive. If of valid form 
conclusions must follow from the premises. Formal logic starts with an assumption 
that the statements in the premises are valid in themselves. Deep learning skills in 
traditional formal logic are too advanced for an undergraduate course but Venn 
diagrams, which are based on the rules of traditional logic, could be used instead. 
Informal logic is everyday spoken argument and is inductive. It involves making 
generalisations and the conclusions can only be probable. They cannot be established 
as absolutely true. Kurfiss (cited Nightingale et al., 1996) also points out that 
analysis of argument also provides practice in other significant competencies 'such as 
reading comprehension, comparison and contrast and evaluation of ideas'. 
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Controversial arguments also force students to address their own biases and rethink 
their ideas.  
For critical thinking, students also need to use all the information relevant to the area 
of investigation. Kurfiss, (ibid. p.36) says it is limiting to divorce the teaching of 
critical thinking from disciplinary based instruction. If students do not have a 
substantial body of knowledge on which to base their enquiry, the enquiry itself 
becomes trivial. In parallel with theories on the deep learning approach, Kurfiss 
claims that there is too much emphasis on the efficient transmission of large 
quantities of information that crowd out the time required to transform this 
information into meaningful and useful knowledge. Opportunities to increase critical 
thinking skills in disciplinary based units and reduce rote learned content should be 
investigated.  
 
Evidence of the ability to think critically can be gained from a variety of assessment 
tasks such as open-ended questions or statements assessed by essays or reports, 
reflective journals, individual interviews, or literature reviews. Assessment is 
problematic because it is subjective. However this can be minimised by making the 
assessment criteria highly visible and ensuring no ambiguity exists in the question. 
Assessment should be based on the thinking processes rather than the outcome. Te 
Wiata (ibid. p.36) suggests an illustrative example: 'imagine a test purported to test 
for critical thinking in medical laboratory science (microbiology). However to gain 
the correct answers the students need only memorise the answers…..Such a 
test…..would indicate nothing about levels of critical thinking despite its intended 
purpose, so is not valid.' To ensure congruency of assessment and competence, 
Norris and Ennis (ibid. p.37) suggest: 'The most important principle to follow in 
evaluating students’ critical thinking is that the evaluation itself should conform to 
the standards of critical thought.'  
 
Warhurst (2001) describes the introduction of class team debates (complementing the 
existing system of student seminars) to develop critical thinking in the delivery of an 
undergraduate honours course in International Management at the University of 
Glasgow. Whilst participation in the debates was compulsory it did not directly 
contribute to assessment, however an understanding of the topic of debate was later 
assessed using other forms of assessment. As well as significantly developing critical 
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thinking and deep learning of the subject matter of the debate, the debates also 
developed presentation, communication and team skills. 
4. Accessing and Managing Information 
There are numerous sources for accessing information: libraries, the Internet, 
government departments, professional and industry bodies, and the like. Libraries 
provide the traditional sources of information within universities and it has become 
common practice for skills in finding information from within a range of appropriate 
library sources (e.g. reference books, Australian standards, book collection, 
periodicals) to be taught by library staff. In managing information, students need to 
develop skills in determining the integrity and reliability of the information, as well 
as recording and storing the information they will need. As early as possible, 
appropriate assessable tasks should require their use to maintain and develop these 
skills and introduce students to a wider variety of sources. Project based and problem 
based learning, provide excellent authentic strategies for this. Within Deakin 
University’s School of Engineering and Information Technology61, students are first 
introduced to these skills in the early management units. The final year engineering 
project program then places greater emphasis on these skills in the literature reviews 
required for the group projects and the final year engineering project. The skills are 
further reinforced for mechanical engineers in the final year unit Design of 
Mechanical Systems.   
5. Time Management 
A study of postgraduate training outcomes undertaken by the Science and 
Engineering Research Council (SERC) in the UK (Burtles, 1992) found employers 
were significantly concerned with poor time management skills. SERC took the 
approach that time management skills be developed in their postgraduate students by 
requiring reports to be submitted at regular intervals. However, in courses that 
involve assignments to be delivered by often conflicting deadlines, the need for time 
management in the students is readily established. The more formal time 
management skills of critical path planning can also be reinforced in project work.   
6. Language Skills 
                                                 
61 On the 1st January 2006, the School of Engineering and Technology at Deakin university merged 
with the School of Information Technology to form the new School of Engineering and Information 
Technology 
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Surveys results (e.g. Nguyen 1998) indicate a limited demand for foreign language 
skills. In many cases migrant engineers with native proficiency in the required 
language can meet this demand. However, to meet additional demand, access to 
appropriate foreign language electives may be provided. Partnership arrangements 
with overseas universities allow students to gain a period of immersion in the 
language, and support the multicultural aspect of IEAust Attribute 6.  
7. Broader Engineering Education 
There is a need both for engineers with advanced skills in highly specialised topics, 
and for engineers with a broad engineering education. The development of highly 
specialised engineers is required for such roles as research and specialist consultancy 
roles, but specialisation may also restrict career flexibility.  
 
A broader range of engineering knowledge may provide more employment flexibility 
but employability is linked to the range of attributes developed. The development of 
higher level attributes better enables functionality at the professional level (Lloyd, 
1992) and better supports the development of new skills and lifelong learning to 
enable career flexibility. 
5.4 The Summative Role of Attribute Assessment 
The summative role of assessment refers to the standards and characteristics of 
successful performance required to demonstrate competence. The Australian national 
competency standards bodies have the role of ensuring that those who are certified as 
competent have that competency. For the engineering profession that body is IEAust, 
which must ensure that graduates from accredited courses have competence 
acceptable for admission to professional practice.  
 
Traditional forms of assessment focus on assessing the knowledge students have 
gained in each study unit. The assessment method lets them demonstrate their 
knowledge in easily measured ways. The assessment criteria constitute a value 
judgement of the worth of these criteria. It is these values that are now being 
challenged by the new focus on attributes.  
 
Vocational professions such as engineering, medicine and dentistry have always 
recognised that the knowledge base is only one attribute required for competent 
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performance. They require further training to gain professional competence and an 
evaluation of attainment associated with that training (Harris et al. 1995, p.15). 
Heywood (1992) states 'many of the attributes of competence are readily 
recognisable; others are undefined, poorly understood or not even recognised'. 
Similarly the Higher Education Council have classified generic skills in terms of 
assessment as 'some that clearly are assessable, some that could be if thought about, 
and some that could not' (Higher Education Council, 1992, p.25). Thus competence 
is intangible. It cannot be measured directly.  
 
However it is necessary to get evidence in some form from which competence can be 
inferred. Assessment methods often take the behaviourist approach, using tangible 
overt behaviours as an indication of competency, rather than by assessing the 
underlying attributes. It is critical that sufficient evidence of suitable quality is 
collected to make a safe inference and that the subject demonstrates a consistent 
level of competence. Mitchell and Cuthbert, cited by Harris et al., (1995, p.162) 
remark that: 'meeting all the criteria for an element on one occasion is not necessarily 
the same as being competent (in) that element. Competence should normally be 
decided on an accumulation of evidence over time and preferably from different 
sources…'   
 
Clearly there could be situations where an underlying attribute may have less 
significance in the assessed situations than on performance in another situation. 
Different levels of responsibility may also cause a difference at different stages of 
professional development. Because of this, range statements are built into the 
National Competency Standards for Professional Engineers (IEAust, 1993). 
 
Competency standards are focused on defining the elements of competence required 
in a work role, the level of performance required for each element, essential 
knowledge, skills and other attributes and the context in which the competency takes 
place. They should also consider the elements of competence to be assessed together 
and define what constitutes sufficient evidence of competency. Thus assessment is an 
essential element in standards development. The key criteria of assessment are 
Validity, Reliability, Fairness, and Flexibility (VEETAC cited Harris et al. 1995, 
p.157): 
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• Validity: should ensure the assessment assesses the competencies that it sets 
out to assess. For example a multiple-choice test for which the answers can be 
learned by rote is not a valid assessment for critical thinking. Further, 
competence is not only the underlying attributes but the ability to apply them 
to occupational tasks, so the closer the assessment to the authentic task, the 
more valid the assessment.  
• Reliability: Reliable assessment results in consistent interpretation of 
competency standards and their levels from learner to learner over time.   
• Fairness: No learner should be disadvantaged. The assessment must be 
transparent, and equitable. Fairness may be impaired if factors such as 
ethnicity, religion, gender, for example, affect assessment. A clear set of 
standards can help overcome subjectivity, and must be based on commonly 
held values and have credibility. 
• Flexibility: A variety of assessment approaches should be used appropriate to 
learner needs, and delivery modes (i.e.: on or off-campus).    
 
Harris et al. (ibid.) describe an assessment 'paradox' significant to earlier discussions 
in this chapter. They state that traditional assessment methods are organised to 
ensure that the skills measured are those of the individual. However, increasingly 
workplaces are becoming structured so that people work in groups. Thus, ability to 
contribute to group performance is more important than individual performance. As 
discussed earlier, in assessing group work it is essential for the assessment to take 
into account both the overall achievement of the group (to maintain a focus on the 
outcome) and the individual's contribution. 
 
Developments in competency based education and training (CBET) in the 1970s 
focused on setting a minimum standard, but they did not reward those who 
demonstrated competence well above this standard. However, in the 1980s the 
minimum standard concept was swept aside by a new concern for excellence. 
Competency levels were introduced. In the university environment this means that 
the current grading system will not be swept aside in the competency agenda. 
However there is a seductive objectivity with the awarding of marks for assessment 
tasks whilst for assessment that ascribes marks for a range of competencies, some 
level of subjectivity is always involved.   
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5.5 Conclusion 
Development of attributes should be predominantly by carefully recrafting the 
assessment and delivery to meet the new competency objectives. The attribute 
development structure should permeate the course with no study unit assessing an 
unmanageable number of attributes. Greater academic collaboration in curriculum 
development is necessary to address those attributes that should be developed across 
subject specialisms. Assessment methods may still be predominantly in the basic 
form of assignments and examinations, but with a wider range of assessment and 
delivery options. For example, the adoption of project-based and problem-based 
learning may require alternative assessment methods such as observational 
assessment, reflective journals, or individual interviews. The critical analysis and 
monitoring of the attribute structure for the entire course can be facilitated by a 
criteria referenced assessment approach. This approach can also be used to address 
the concern that a key professional attribute may form only a minor part of the 
assessment for each study unit in which it is assessed. Whilst currently an academic 
staff member may identify these competency deficiencies and recommend 
constructive remedial action to the student, criteria referenced assessment can be 
used to provide the driver for the student to follow this advice. A secondary role of 
summative assessment is the evaluation of teaching methods. However, where the 
teaching objectives are changed, comparisons become invalid. Thus there will be a 
discontinuity in this quality control function.   
 
In summary, the focus of the competency agenda on graduate attributes should 
enable development of professional engineers capable of maintaining the relevance 
of the profession in the new economy. This will require more strategic use of a range 
of educational strategies that integrate with appropriate formative assessment. To 
reinforce attribute development course development will need a greater involvement 
from all teaching staff. The teaching skills and commitment needed from all 
academic staff will demand a reappraisal of the significance of the teaching role in 
engineering education. 
 
The IEAust course accreditation manual attributes discussed in Chapter 4 require 
development of a much broader range of attributes than before. A holistic view of the 
IEAust attributes shows many are underpinned by the same generic attributes (see 
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Table 5.1) and several such attributes are also linked. For example, the 'ability to 
integrate, synthesise and apply theoretical and experiential knowledge from a broad 
range of sciences' is a key factor in 'problem solving'. 
 
Table 5.1 IEAust Attributes and Equivalent Generic Attributes. 
IEAust Attributes (1999) Generic attributes 
1.   Ability to apply knowledge of basic science 
and engineering fundamentals 
•  In-depth knowledge base. 
(supporting attribute) 
•  Ability to integrate, synthesise and 
apply theoretical and experiential 
knowledge from a range of 
sciences. 
•  Problem solving      
2. Ability to communicate effectively, not only 
with engineers but also with the community at 
large. 
•  Written, oral, and graphical skills. 
Range statement - from discipline 
specific to non -technical.  
3. In depth competence in at least one engineering 
discipline 
•  In depth knowledge base 
•  Procedural skills 
•  Ill-defined skills. (e.g.: ill-
structured problem solving and 
design)  
4. Ability to undertake problem identification,     
formulation and solution 
•  Problem solving 
5. Ability to utilise a systems approach to design 
and operational performance 
•  Holistic focus 
•  Design skills 
•  Creativity 
6. Ability to function effectively as an individual 
and in multi-disciplinary and multicultural 
teams with the capacity to be a leader or 
manager as well as an effective team member.
•  Team skills 
•  Leadership skills 
7. Understanding of the social. Cultural, global, 
environmental, and business responsibilities 
of the Professional Engineer, and the need for 
sustainable development. 
•  In depth knowledge base  
8. Understanding of the principles of sustainable 
design and development. 
•  In depth knowledge base  
9. Understanding of and a commitment to 
professional and ethical responsibilities. 
•  In depth knowledge base 
•  Attitudes 
10. A capacity to undertake lifelong learning.   •  Enquiring mind 
•  Information literacy 
•  Holistic focus 
•  Deep Learning Skills 
• Learning strategies 
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6 - Attribute Study 
—————————————————————————– 
6.1 Introduction 
This chapter presents the mechanical engineering attributes collective case study in 
response to the main research question: 
‘What is the relative significance of the broad range of potential attributes to enable 
mechanical engineering graduates to most effectively perform the most prevalent mechanical 
engineering roles in those industries that engage the greatest numbers of mechanical 
engineers in Australia?’ 
 
Chapter 4 introduced the concept of competencies and attributes and discussed 
significant attribute requirements for graduates in general, engineering graduates in 
particular, and the more specific attributes for mechanical engineers on which the 
survey instrument for this study was developed. 
  
The originality of this research is the use of a role based collective case study 
approach to investigate the significance of an extensive range of attributes 
considered most relevant to a single discipline of engineering. This chapter describes 
the method of enquiry and to provide context, first presents findings related to each 
group of attributes. Determining the most significant attributes for Stage 1 and Stage 
2 engineers and identifying which have average weighted graduate abilities less than 
moderate enables critical attributes to be identified. Those associated with the IEAust 
and other key attributes for which teaching strategies were considered in Chapter 5 
are identified and strategies for the other critical attributes are proposed. The chapter 
concludes with discussion on key findings, attribute demand (as identified in this 
study) versus need and reflection of the impact of attribute supply and demand.  
6.2 Method of Enquiry 
Sample surveys most often used in attribute studies commonly have low response 
rates. For example in a recent Australian engineer attribute sample survey study 
(Nguyen 1998) the response rate from industrial participants was 11%. Thus for this 
very detailed role-based study the response rate would be unacceptable. Instead, this 
study uses a case study approach focused on accurate identification of case study 
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participants. Structured telephone or face-to-face interviews based on the survey 
instrument enabled descriptive detail from the respondent and. the ability to provide 
interpretive clarification of questions to minimise measurement error – the 
difference between the respondents answer and the ‘correct’ answer. 
 
The case studies were carried out through interviews with engineering managers 
responsible for both Stage 1 and Stage 2 engineers62 engaged in the most frequent 
mechanical engineering roles in the industries that employ the most significant 
numbers of mechanical engineers.  
 
The statistical analysis leading to the selection of these industries is presented in 
Appendix A.1.’Industry Analysis: Determination of Industries for the Collective 
Case Study on Mechanical Engineering Attributes’ The analysis shows the industries 
Consulting Engineering (16.2%), Transport Manufacturing (12.6%) , Electricity and 
Gas Supply (8.1%), Mining and Quarrying (6.7%), Construction Contract and 
Maintenance(6.3%), and Defence, excluding those in the armed services (4%) 
together employ approximately 54% of Australian mechanical engineers.  
 
The companies or organisations selected to represent those industries were those 
with the greatest number of mechanical engineering respondents to the 
IEAust/APESMA graduate engineer surveys within those six industries63. As all 
operate internationally, have international partnerships or are part of global 
organisations their attribute responses should address global requirements. It was felt 
necessary to use two or more complementary companies/organisations to provide 
balanced representation for two industries:  
• Manufacturing Transport Equipment (A prime automobile manufacturer; and 
a major tier supplier), and  
• Defence (An Australian Defence Force R&D organisation; an Australian 
Defence Force Project Management organisation; and a private contractor.) 
                                                 
62 The definitions of Stage 1 and Stage 2 engineers are broadly in line with the Engineers Australia 
definitions: a Stage 1 engineer is a BE graduate with less than three years professional experience and 
a Stage 2 engineer is one with greater than 3 years professional experience.  
 
63 These were derived from unpublished data kindly provided by Dominic Angerame, Research and Surveys 
Manager of APESMA. 
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Transport is significantly the largest sector of the Australian manufacturing industry 
that employs mechanical engineers. The automobile industry dominates this sector. 
 
The eighty four attribute survey instrument presented in Appendix A2 ‘Mechanical 
Engineer Attribute Survey’ was developed from the attributes introduced and 
tabulated in Chapter 4 and discussed in Chapter 5. The process essentially consisted 
of reducing the total number of attributes through recognising where two or more 
listed attributes were essentially the same or very similar; and then 
forming the reduced list of attributes into related groups. As ‘engineering knowledge 
base’ and ‘mathematical skills’ universally form the core of undergraduate 
mechanical engineering degree programs they were included for comparison. A list 
of these attributes is presented below in Table 6.1 Attributes used in the Attribute 
Study. 
 
Senior engineering managers in each of the selected companies were contacted to 
identify the mechanical engineering roles within that organisation and the 
appropriate senior engineer or engineering manager to respond for each significant 
role. After contacting these engineers to arrange telephone or face-to-face 
appointments, plain language statements (in accordance with the requirements of the 
Deakin University Ethics Committee) and the survey instrument (Appendix A2) 
were faxed to them in advance of the meeting. As none of the selected 
companies/organisation or respondents declined to take part in the study the non-
response error64 was zero.  
 
In the telephone or face-to-face meeting each study participant was first asked to 
read the response block definition of terms at the end of the survey instrument to 
reduce variations in interpretation and thus minimise measurement error. Each 
respondent was then asked to assess the significance of each attribute to the 
execution of the role as required of a Stage 1 engineer and of a Stage 2 engineer and 
to assess the average ability of recent graduates in that attribute.  
                                                 
64 Non-response error: A low response rate combined with a difference between respondents and 
non-respondents in relation to the study focus. 
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Table 6.1 Attributes used in the Attribute Study 
1. COMPUTER SKILLS  
Applications e.g. Microsoft Project, Word;  Programming language e.g. C, Basic, Java 
2.   WRITTEN COMMUNICATION  
Reports; Letters; Memoranda; Email 
3.  ORAL COMMUNICATION  
Seminar presentations; Committees/group meetings; One-to-one technical; One-to-one non-
technical 
4.   INFORMATION SOURCES/MANAGEMENT  
Library data bases; Standards and statutory requirements; Reference publications; Internet; 
Networking industry source; Information management 
5.  TIME MANAGEMENT 
6.   PROBLEM SOLVING  
Recognition and formulation of a problem; Analysis a) using Codes of Practice; Analysis  b) 
using computer programs; Analysis c) using mathematical analysis; Synthesis; Ability to 
apply knowledge of science and engineering fundamentals; In-depth knowledge of the laws, 
concepts and theories in the engineer’s discipline; Broad engineering knowledge base; 
Ability to recognise when to solve problems through engineering  analysis; Creativity; 
Independent Thought; Critical Thinking; Intellectual Curiosity. 
7. MECHANICAL ENGINEERING KNOWLEDGE BASE  
Stress analysis; Applied mechanics; Fluid mechanics; Thermodynamics; Materials science; 
Electrical/electronics engineering; Manufacturing/production processes;  Engineering 
management 
8.  THE ABILITY TO KNOW WHEN TO CALL IN A SPECIALIST 
9.  DESIGN SKILLS  
Integration of sciences, open ended design related problems; Holistic system engineering 
approach; 3D Visioning; Dynamic visioning; Customer oriented; Whole of life cost 
effectiveness; An ability to sense the design calculations are “in the right ballpark”; An ability 
to sense the design looks sound; Documentation; Principles of Sustainable Development; 
Application of Standards and Statutory Regulations. 
10.   INNOVATION initiating and implementing ideas 
11.  CADD Computer Aided Design and Drawing 
Computer aided drawing; Computer aided design 
12.  ENGINEERING GRAPHICS manual drawing skills. 
13.  KNOWLEDGE OF ENGINEERING GRAPHIC CONVENTIONS AND  SYMBOLS 
14.  MATHEMATIICAL SKILLS 
Statistics; Algebra; Calculus; Geometry; Vectors; Other. 
15.  RESEARCH SKILLS 
Experimental testing and measurement; Data collection; Research analysis 
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Table 6.1 Attributes used in the Attribute Study (Continued) 
16.  PROJECT MANAGEMENT SKILLS 
17.  LEADERSHIP ability to lead and motivate a team. 
18.  TEAM SKILLS to interact well in a multi-disciplinary and multi-cultural team 
19.  PLANNING AND ORGANISATIONAL SKILLS including self-management 
20.  INTERPERSONAL/SOCIAL SKILLS e.g. customer relations 
21.  ETHICS 
22.  OCCUPATIONAL HEALTH AND SAFETY AWARENESS 
23.  POLITICAL AWARENESS 
24.  ENVIRONMENTAL AWARENESS 
25. SOCIAL AND CULTURAL AWARENESS 
26.  ENTREPRENEURSHIP 
27.  BUSINESS SKILLS 
Accounts; Costing; Budgeting and budget control; Marketing; Industrial relations 
28.  RELIABILITY 
29.  CONSCIENTIOUSNESS disciplined approach to work 
30.  FLEXIBILITY ability to adjust to change 
31.  EXPECTATION OF THE NEED AND THE CAPACITY TO UNDERTAKE, LIFELONG 
 LEARNING. 
32.  MODERN FOREIGN LANGUAGE SKILLS 
 
To avoid conflict between concepts of ability level and the level of significance of an 
attribute to a role, respondents were asked to consider only the significance of the 
attribute to that role regardless of necessary ability level. For graduate ability the 
requirement was for an assessment relative to the level required for the role.  
 
There were seventeen roles identified including two that were analysed as generic for 
that industry. This was due to those industries consisting of a number of specialist 
roles with a limited number of mechanical engineers employed in each. Care was 
taken by those respondents to weight average the significance of each attribute 
across the specialist roles according to the proportion of engineers in each specialist 
role within that representative company or organisation.  
 
Five point Likert scales were used. For the attribute significance the five points were 
‘no use’, ‘rare’, ‘occasional’, ‘significant’ or ‘essential’. For graduate ability they 
were ‘none’, ‘poor’, ‘moderate’, ‘significant’ and ‘excellent’. Respondents were 
allowed to straddle the Likert points. For example they could assess an attribute as 
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‘rare’ to ‘occasional’. In the analysis numerical ratings ranging from 0 for ‘no use’ or 
‘none’ to 4 for ‘essential’ or ‘excellent’ were applied to the results.  
 
The method of selection of companies and organisations used in this study best 
ensured current new graduates on which the respondents could base their 
assessments. However recruitment is usually based on who best can demonstrate 
attributes considered most significant for the role and so will raise the average 
graduate ability assessment for those attributes i.e. the graduates undertaking these 
roles would most likely have better than average attributes considered relevant to 
those roles65. Recruitment attribute priorities for three of the roles are provided later.  
 
The Construction industry respondent roles were covered by the (design) engineering 
manager who had substantial experience in both roles66 and who brought an extra 
facet into the study through the use of focus groups consisting of a number of new 
graduates and appropriately experienced Stage 1 and Stage 2 engineers in the 
formation of his responses.    
 
It became apparent during the study that some respondents appeared to take a 
negative attitude to the term Political Awareness67, initially aligning the term with 
devious ‘back stabbing’ behaviour. However Political Awareness is increasingly 
important for leadership success in enhancing the ability to mobilise support and get 
ideas implemented. To assess this factor, in the four remaining role case studies 
respondents were asked to provide their own definition of Political Awareness. Most 
definitions were along appropriate lines but some appear to express some negativity:  
“Company politics + personal ambitions collide. How much to work people’s personal 
ambitions”   
“How much they need to be aware of interactions and outcomes of the leaders making 
decisions.”      
“The political atmosphere within the organisation. To be aware of the needs of other 
employees and contractors in the organisation and to put your own point of view forwar.” 
                                                 
65 This issue was raised by a number of the respondents. 
 
66 The global nature of a construction manager’s role provides substantial logistical problems in 
arranging an interview with a current construction engineering manager.  
 
67 In all cases it was clarified that the term referred to company/organisational political awareness 
rather than national or international politics. 
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“Effective communication and interpersonal skills that will enable people to read between the 
lines and establish hidden agendas. 
 
As an extension to the Australian industry analysis of Appendix A.1, a comparative 
analysis of the mechanical engineering employment distribution profile in the US, 
UK and Australia is presented in Appendix A4. Key findings confirm a smaller 
proportion of mechanical engineers involved in manufacturing in Australia and 
shows that the single industry dominance of the automotive industry is not replicated 
in the US or UK. Conversely, Australia has considerably higher proportions of 
mechanical engineers in the mining, construction, electricity and gas supply and 
defence industries. Whilst this highlights the different industry profiles, the 
abnormally low participation rate in public and private engineering research in 
Australia described in Chapter 3 is also indicative of differences in the operational 
environment and thus the need for this study.  
6.3 Results 
Collated results are presented numerically and graphically in the Microsoft Excel 
spreadsheet (Results tab) in appendix eA.3 ‘Survey Results for Australian 
Mechanical Engineer Attribute Study’ on the attached self-loading CD. Small groups 
of specialist engineers have generally been accommodated through appropriate 
weighted adjustments to the results for a more significant associated role. 
 
Weightings relating to assessments of the relative numbers of mechanical engineers 
in those roles68 (Weightings tab) are used to determine role weighted averages and 
variances of the significance of each attribute for both Stage1 and Stage 2 engineers 
and of the assessments of new graduate abilities. Whilst this study is focused on the 
overall attribute match between graduate engineers and the employment profile of all 
Australian mechanical engineers, alternative weightings based on graduate 
recruitment can be derived from figures presented in Appendix A.1. Similarly 
engineering schools with industry specific missions or who select an industry profile 
that will make optimum use of their resources could adjust the weightings 
                                                 
68 The weighting for CAD engineer has been set at zero. An industry based graduate engineer 
development strategy based on the recruitment of graduate engineers through the CAD office to offset  
a shortage of CAD draftspersons has recently been deemed financially unviable and has recently been 
discontinued.   
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accordingly. In changing the weightings on the Survey Results sheet all statistics and 
charts will automatically adjust. 
 
Bar charts showing weighted average significance and variance of a number of 
attributes within groups of related attributes can also be accessed from the tabs along 
the bottom of the screen. To enable a perspective overview a chart comparing group 
average ratings is included and these ratings, ranked in order of significance, are 
presented in Table 6.2. 
Table 6.2 Group averages of the weighted averages69 
 New  
Graduate 
Abilities 
Weighted 
Average 
 
Stage 1 
Engineer 
Ratings 
Weighted 
Average 
 
Stage 2  
Engineer 
Ratings 
Weighted 
Average 
 
1 Mathematics 2.89 Communication  2.92 Management 3.51 
2 Personal 
Attributes 
2.83 Management 2.91 Communication 3.48 
3 Communication 2.45 Personal 
Attributes 
2.81 Personal 
Attributes 
3.24 
4 Management 2.38 Problem 
Solving 
2.79 Problem Solving 3.23 
5 Research Skills 2.36 Computer Skills 2.77 Design 3.17 
6 Information 
Sources 
2.15 Information 
Sources 
2.71 Information 
Sources 
2.97 
7 Problem 
Solving 
2.15 Design 2.65 Business Skills 2.83 
8 Computer 
Skills 
2.09 Engineering 
Drawing 
2.51 Mechanical 
Engineering 
Knowledge Base 
2.77 
9 Mechanical 
Engineering 
Knowledge 
Base 
1.97 Mechanical 
Engineering 
Knowledge 
Base 
2.32 Engineering 
Drawing 
2.45 
1
0 
Design  1.95 Business Skills 2.25 Research 2.42 
1
1 
Business Skills 1.80 Research 2.16 Computer Skills 2.29 
1
2 
Engineering 
Drawing 
1.66 Mathematics 1.78 Mathematics 1.78 
                                                 
69 The eighty four attributes were grouped into twelve groups of related attributes shown in this table. 
Appendix eA3 ‘Survey Results for the Australian Mechanical Engineer Attribute Study’ presented on 
the attached CD presents role weighted averages of the significance of each attribute. This table 
presents for each group of attributes the average of the weighted averages of each component 
attribute.   
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6.3.1 Attribute Analysis 
6.3.1.1 Personal attributes 
This is a grouping of largely unconnected attributes mostly from the ‘affective 
domain’ (Bloom’s Taxonomy classification) but includes Modern Foreign Language 
skills which are generally rated ‘rare’ across all roles as English increasingly 
becomes the de facto international language. Removing this attribute from the group, 
results in this group having the highest average rating for engineering roles and 
graduate abilities. Each is considered essential for most roles at Stage 2 level and 
significant/essential for most roles at Stage 1 level. With the exception of time 
management, the average ability of a graduate was also considered significant or 
excellent for all attributes. Graduate ability for time management was rated moderate 
to significant. One respondent asserted new graduate time management skills had 
improved over the decade possibly due to the need to combine greater working hours 
during their studies.  
6.3.1.2 Management and Communication Skills 
Table 6.2 shows high overall graduate ability for the two, virtually equal, most 
significant attributes in Table 6.2: Management Skills and Communication.   
6.3.1.2.1 Management 
Planning and Organisation Skills (including self-management) were considered 
essential for all Stage 2 engineers. Other skills considered essential in most roles 
were: Occupational Health and Safety (OH&S), Team Skills, Leadership, Project 
management Skills and Ethics. Only Team Skills and OH&S were considered 
essential for most Stage 1 roles. New graduates were assessed as having significant 
Team Skills, reflecting an increasing emphasis in engineering courses over the last 
few decades. They had moderate to significant skills in all other attributes but 
OH&S, Project Management and Political Awareness, which were less than 
moderate.  
6.3.1.2.2 Written Communication  
The most significant forms of written communication were email and reports. Email 
was considered essential for both Stage 1 and 2 engineers and most respondents 
reported that their new graduates commenced employment with significant to 
Chapter Six Attribute Study 165   
 
excellent skills. Communication through reports was considered significant or 
essential for Stage 1 engineers and essential for Stage 2 engineers in most roles. 
Letters and memoranda were significant overall for Stage 2 engineers. Average 
graduate skills in report writing, letters and memos were considered to be better than 
moderate but there was notable variance.  
6.3.1.2.3 Oral Communication 
All forms of oral communication were considered essential for Stage 2 engineers in 
most roles with one-to-one technical communication considered essential across the 
greatest number of roles. One-to-one technical communication was also considered 
essential for Stage 1 engineers across most roles, but other forms of oral 
communication were considered substantially less significant at this level. The 
average assessment of graduate skill across all forms of oral communication was 
moderate to significant 
6.3.1.3 Problem Solving 
Recognition and formulation of a problem was considered an essential skill for Stage 
2 engineers in all roles. The Application of science and engineering fundamentals, A 
Broad engineering knowledge base, The Ability to recognise when to use 
engineering analysis, and Critical thinking were also considered essential for most 
Stage 2 roles. .For Stage 1 engineers Application of science and engineering skills, 
was most significant with Broad engineering knowledge base, Ability to recognise 
when to use engineering analysis, Critical thinking and Recognition and formulation 
of a problem also considered essential in many roles. All attributes were considered 
essential in at least one role for both Stage 1 and Stage 2 engineers. 
 
On average new graduates’ skills in the Application of science and engineering 
fundamentals were considered their best problem solving attribute. Weighted average 
abilities below moderate were Analysis using codes of practice, Broad engineering 
knowledge base and the Ability to recognize when to solve problems through 
engineering analysis.    
6.3.1.4 Design 
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The Application of standards and statutory regulations was rated an essential skill for 
a Stage 2 engineer in almost all roles70 but was the worst rated graduate attribute.  
 
 
 
The following were considered essential for Stage 2 engineers in most roles: Ability 
to sense the design looks sound, Ability to know when to call in a specialist, 
Documentation, Ability to recognise calculations are “in the right ballpark”’, 
Customer oriented, Dynamic visioning, and 3-D visioning. All design attributes were 
considered less significant for a Stage 1 engineer, Graduate attributes were at best 
moderate to significant but the following were significantly below moderate: 
Application of standards and statutory regulations, The ability to know when to call 
in a specialist, .Whole of life cost effectiveness, An ability to sense the design looks 
sound, An ability to recognise the design calculations are “in the right ballpark” and 
Documentation.        
6.3.1.5 Computer Skills 
Skills in the use of computer applications such as Microsoft Word or Project are 
essential for the majority of roles for both Stage 1 and Stage 2 engineers. Most 
respondents consider new graduates to have significant skills. There was little 
variation in responses. However use of programming languages were generally rare 
to no use in all but Defence R&D where it was considered essential. Few 
respondents were able to comment on graduate skills but the few responses indicate 
graduate skill to be poor to moderate.  
6.3.1.6 Information Sources 
The most significant information source for Stage 1 engineers is the Internet and 
most respondents rate new graduates as having excellent Internet skills. However the 
category ‘standards and statutory requirements’ is most significant for Stage 2 
engineers and rated least satisfactory for new graduates  
 6.3.1.7 Business Skills   
Overall these skills are considered much less significant to the role than those in the 
management groupings. Whilst Budgeting and Budget Control have marginally the 
                                                 
70 This was the most significant Information source attribute for stage 2 engineers. 
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highest significance overall for both Stage 1 and Stage 2 engineers, the only attribute 
considered essential for most roles is costing for Stage 2 engineers. New graduates 
have moderate skills in all attributes except Industrial Relations. 
 
 
6.3.1.8 Mechanical Engineering Knowledge Base 
Traditionally and universally the core of university mechanical engineering courses, 
the relatively low rating of the weighted average graduate ability in the Mechanical 
Engineering subject specialisms reflects concerns considered in Chapter 3. The low 
average significance in the roles is due to most roles being associated with only a 
small number of them and belies the fact that for most roles at least one mechanical 
engineering subject specialism is essential. All weighted roles list at least one as 
significant. The associated Problem Solving attributes In-Depth Discipline 
Knowledge and A Broad Engineering Knowledge Base for which the mechanical 
engineering knowledge base is an enabling attribute are also significant or essential 
in most roles with graduate abilities moderate and below moderate respectively.     
 
Engineering Management is the most significant for Stage 2 engineers but least 
significant for Stage 1 engineers. Of the remaining specialisms, Materials Science 
was considered most significant for Stage 2 engineers with Thermodynamics most 
significant for Stage 1 engineers. The notable significance variance in 
Electrical/Electronic Engineering reflects an industrial dichotomy where some 
industries strictly compartmentalize the disciplines whilst others encourage cross-
disciplinary dialog and appropriate overlap. The significance of Manufacturing 
Processes often relates to cost effective product design rather than direct involvement 
with the process. Some responses related to specialist manufacturing processes rarely 
covered in a traditional mechanical engineering curriculum.  
Although there is considerable variance, average graduate skills are considered poor 
to moderate in Electrical and Electronic Engineering, Manufacturing, Materials 
Science and Engineering Management. Graduate skills in the other engineering 
sciences are moderate or marginally better. 
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6.3.1.9 Mathematics 
Like the Mechanical Engineering Knowledge Base, Mathematics is traditionally and 
universally the core of university mechanical engineering courses. In contrast the 
average graduate engineer’s mathematical skills are considered significant (relative 
to the requirements of the role) in all forms of mathematics but statistics, whilst their 
average direct use in engineering practice is less than occasional. Nevertheless they 
remain essential enabling skills in the formation of the engineering knowledge base.   
Geometry and Statistics are considered most significant with nearly half considering 
Geometry to be significant or essential at Stage 2 level. The increasing adoption of 6 
Sigma is anticipated to increase the significance of statistics in a number of roles 
particularly in the automotive industry.     
6.3.1.10 Engineering Drawing and Computer Aided Design and Drafting  
6.3.1.10.1 Computer Aided Drawing (CAD) 
Graduate ability is rated poor to moderate, however CAD is considered essential 
only for the zero weighted CAD engineer role. Although significant for a few roles 
this attribute is rated rare to occasional overall. One respondent suggested it is a 
useful sketching tool.  
6.3.1.10.2 Computer Aided Engineering (CAE) 
CAE is a specialist skill with strong unmet international demand. It is considered 
essential for Stage 1 engineers in consulting, CAD, CAE, and some research roles. 
At Stage 2 level it is rated less significant overall but still considered essential in 
three roles. Weighted average graduate skills are less than moderate. Although 
greater inclusion of these skills in undergraduate courses will enhance graduate 
employment opportunities, there is also a shortage of academics with this skill.   
6.3.1.10.3 Engineering Graphics 
Manual drawing has been superseded by CAD but sketching skills are important to 
convey concepts and ideas in meetings (white board) and to drafters.  This was 
considered significant or essential in most roles – more so at Stage 2. Graduates are 
assessed as having moderate skills.   
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6.3.1.10.4 Knowledge of engineering graphic conventions and symbols 
This is considered the most significant attribute in this group and essential for many 
roles – especially at Stage 2. Graduates are assessed as having worse than poor 
skills! 
 
 
6.3.1.11 Research 
The low relative significance of this attribute group reflects the low participation rate 
in public and private engineering research in Australia. In two of the research related 
roles these skills are considered essential for both Stage 1 and Stage 2 engineers. 
However they are also considered significant – even essential - in roles not normally 
associated with research, including manufacturing engineer and project engineer. 
Overall, graduate skills were moderate. . 
6.3.2 Recruitment Attributes 
Respondents for three roles expressed that their companies/organisations select 
graduates for the following attributes: 
• Consulting Engineer - Building Services:  Team Skills, Interpersonal/Social 
Skills, and Conscientiousness. (Rated approximately significant or better) 
• Test Engineer: Team Skills (Rated better than significant) 
• CAE Engineer: Analysis using computer programs, Ability to apply knowledge of 
science and engineering fundamentals, In-depth knowledge of the laws, concepts 
and theories in the engineer’s discipline, CAE, Communication Skills, 
‘Analytical Thinking’, and ‘Results Oriented’. (CAE is rated below moderate and 
In-depth knowledge of the laws concepts and theories in the engineers discipline 
was considered just moderate. ‘Analytical Thinking’ is related to Problem 
Solving which has the largest number of below moderate graduate abilities. The 
best match to ‘Results Oriented’ is Planning and Organisation Skills which, 
although rated substantially better than moderate, has considerable variance.  
 
Prior to interview the Mining Industry respondent raised the following key attributes 
he considered significant for the role: Ability to quickly pick up a concept, Basic 
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Knowledge, Enthusiasm, Willingness to give 110% to a problem, Ability to widen the 
scope of a problem to visualise further implications, Written and Oral 
Communication skills, and Interpersonal skill (ability to argue the point).  Whilst 
average graduate abilities in Interpersonal and Communication Skills are considered 
significant, others are interesting attributes not directly included in the study.  
 
Broad Engineering Knowledge Base, the best match to Basic Knowledge, is rated 
below moderate graduate ability. Enthusiasm and Willingness to give 110% are not 
covered in this study. There are no close matches to Ability to pick up a concept and 
the Ability to widen the scope of a problem to visualise further implications. 
However there is obvious value in using the development of these attributes to 
enhance problem solving capability.    
6.3.3 Developing Critical Attributes 
Table 6.2 clearly shows the most significant groups of attributes to be ‘personal’ 
attributes, engineering management, communication skills and problem solving. 
Significant role attributes in each group are presented in Table 6.3 with weighted 
average significance ratings greater than 3.5 highlighted in bold and attributes with 
less than moderate graduate abilities italicised and underlined. The bracketed 
numbers placed after some of the attributes relate to associated 1999 IEAust 
attributes. Teaching strategies for these have been discussed directly in Chapter 5. 
Note also that the attribute Broad-Based Engineering Knowledge Base was also 
discussed in Other Recommended Attributes in that chapter.     
 
Table 6.3 Significant Attributes by Group 
Groups/Attributes Stage 1 Stage 2 
Personal Attributes   
Conscientiousness  (Disciplined Approach to Work) 3.45 3.69 
Reliability 3.36 3.74 
Flexibility 3.16 3.26 
Interpersonal Social Skills 3.13 3.84 
Time Management  3.87 
Expectation and Capacity for Lifelong Learning (10)  3.15 
Management   
Team Skills (6) 3.81 3.82 
OH&S  3.31 3.84 
Ethics (9) 3.24 3.41 
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Planning and Organisational Skills 3.06 4.00 
Leadership (6)  3.69 
Project Management Skills  3.51 
Environmental Awareness (7/8)  3.38 
Political Awareness  3.00 
Written Communication (2)   
Email 3.79 3.86 
Reports 3.12 3.85 
Letters  3.05 
Memorandum  3.01 
Table 6.3 Significant Attributes by Group (Continued) 
Groups/Attributes Stage 1 Stage 2 
Oral Communication (2)   
One-to- one technical  3.42 3.78 
Committees/Group Meetings  3.65 
Seminars  3.35 
One-to-one non-technical  3.25 
Problem Solving   
Application of Science and Engineering Fundamentals (1) 3.41 3.67 
Recognition and Formulation of a Problem (4) 3.10 4.00 
Broad–Based Engineering Knowledge Base 3.11 3.69 
Recognise When to use Engineering Analysis 3.11 3.67 
Critical Thinking 3.07 3.44 
Analysis using Codes of Practice  3.47 
In-Depth Discipline Knowledge (3)  3.30 
Independent Thought  3.20 
Synthesis  3.10 
Design   
Documentation 3.21 3.56 
Application of Standards and Statutory Regulations 3.13 3.92 
An Ability to Sense the Design Looks Sound  3.62 
The Ability to Know When to Call in a Specialist  3.56 
The Ability to Recognise the Calculations are “in the  
Right Ball Park”. 
 3.33 
Customer Oriented  3.31 
Whole of Life Cost Effectiveness  3.15 
Dynamic Visioning  3.09 
3D Visioning  3.07 
Computer Skills   
Applications 3.71 3.73 
Information Sources   
Information management 3.23 3.45 
Internet 3.17 3.00 
Standards and Statutory Requirements  3.50 
Networking  3.23 
Business Skills   
Budgeting and Budget Control  3.35 
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Costing  3.25 
Mechanical Engineer Knowledge Base71 (3)   
Engineering Management  3.20 
Materials Science  3.03 
Engineering Graphics and CADD   
Engineering Graphics Conventions & Symbols  3.19 
Most attributes aligned with the IEAust attributes have high average role ratings and 
are shown on Table 6.3. However the attribute Holistic System Engineering 
Approach - closely aligned to IEAust attribute 5 ‘Ability to Undertake a Systems 
Approach to Design and Operational Performance’- is rated below significant. 
Graduate ability is rated below moderate but with significant variance. 
 
Two elements of the combined IEAust attribute 7/8 also rated below significant for 
the roles are: Social and Cultural Awareness and Principles of Sustainable 
Development. Graduate ability ratings for both are marginally above moderate. 
 
Critical attributes Political Awareness and Networking are directly related to the 
industry and company aspects of professional experience but are enabled by 
communication skills, interpersonal and social skills and a team focus. New 
graduates are rated better than moderate to better than significant in all of these 
enabling skills. They also contribute to a disposition to consider whether to call in a 
specialist but a broad based engineering knowledge is the main enabling attribute to 
enable them to ‘know what they do not know’. 
 
The attributes to Sense when the Design Looks Sound, to Recognise when the 
Calculations are ‘in the Right Ball Park’ and to Recognise when to use Engineering 
Analysis are also directly related to professional experience. The use of engineering 
mathematical analysis to justify all key engineering decisions is an essential part of 
the early formation of engineers and the disposition to do this must be developed in 
an ill-structured problem solving context (final year projects, problem and project-
based learning) as well as the traditional structured problem environment. It is this 
formative experience that provides the experience necessary to sense when a design 
looks sound (Noss and Kent, 2002) and to recognise calculations are ‘in the right ball 
park’.  
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Documentation and process is a major element of design in an industrial context not 
usually captured in engineering courses. However they have become a major feature 
of a fourth year group and individual project-based study unit ‘Design of Mechanical 
Systems’ the candidate developed and taught. The design process (which closely 
approximates that described by industry respondents) is clearly detailed in the course 
notes and both group and individual design reports must accurately document their 
work against this process. 
 
The attributes Standards and Statutory Requirements (Information Sources) and 
Analysis using Codes of Practice (Problem Solving) were shown to be significant for 
Stage 2 engineers whilst the Application of Standards and Statutory Regulations 
(Design) was shown to be essential in nearly all Stage 2 roles and significant for 
Stage 1 engineers. Whilst knowledge of industry specific standards and statutory 
requirements knowledge cannot be expected in an undergraduate mechanical 
engineering course, the improved skills in the location and the use of standards and 
statutory requirements could be developed by inclusion in appropriate design 
assignments. The inclusion of appropriate study materials and analysis requirements 
for Whole of Life Cost Effectiveness into appropriate design assignments will also 
help to address this deficiency.  
 
Deficiencies in Engineering Graphics Conventions and Symbols are possibly 
exacerbated by a current shortage of engineering academics with appropriate skills. 
This attribute is the graphic language of engineering. Unfortunately the knowledge 
base presents wide ranging detail and reinforces motivation towards a surface 
learning approach.  
 
Like modern foreign languages, the most effective approach is ‘language immersion’ 
as experienced by practicing engineers, technicians and draftspersons. Possible 
approaches could include industry design project partnerships and periods of 
industrial experience that involve students in the reading and interpretation of 
engineering drawings. 
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71 Most roles are closely associated with only few of these engineering knowledge bases but for most 
roles at least one is essential.   
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Skills in OH&S, Project Management, Budgeting and Budget Control, and Costing 
are commonly taught in the Engineering management stream of units, however the 
final year engineering project can be used to reinforce OH&S, Project Management 
and Costing skills by providing context.    
 
In the School of Engineering and Information Technology at Deakin University final 
year project72 requirements include the creation and maintenance of project planning 
charts, the full costing of the project (the focus is on identifying all cost sources 
rather than accurate assessment of hourly rates etc) and the completion of a full 
OH&S documented analysis. The costing and project management aspects form part 
of the unit assessment whilst an appropriately thorough OH&S analysis (with a safe 
outcome) is essential for approval to commence the project.        
 
Strategies to develop the attributes the Ability to widen the scope of a problem to 
visualise further implications and Ability to pick up a concept suggested by the 
mining engineer respondent should not only significantly enhance problem solving 
skills but also encourage deep learning strategies.   
 
The Ability to widen the scope of a problem to visualise further implications is an 
attribute that is not generally supported by the well defined problems that have 
become the traditional form of assessment through assignment and examination. 
However even the traditional assignment can be broadened to develop this skill and 
less traditional approaches such as project based learning lend themselves well to the 
inclusion of this attribute. However ideal opportunities are provided by good 
proximal teaching practices that include supportive interrogative classroom and 
tutorial discussions.  
 
The Ability to pick up a concept can be enhanced by a concept focus (rather than a 
procedural focus) in teaching delivery using the Concept Framework model proposed 
in Chapter 5.  
                                                 
72 As Director, Engineering Projects the candidate introduced and is responsible for monitoring these 
requirements. 
Chapter Six Attribute Study 175   
 
6.4 Discussion 
This chapter has identified critical attributes and together with Chapter 5 has 
discussed suitable teaching strategies to raise graduate abilities in these critical 
attributes.  
 
Table 6.3 shows attributes for which graduate attributes are moderate or less clearly 
extend to the subject specialisms that are universally core to undergraduate 
mechanical engineering programs. Any further impact on the knowledge base must 
be fully considered in any endeavour to improve other attributes. In contrast abilities 
in many essential attributes outside the scope of most mechanical engineering 
programs have been assessed as significant! Weighted average abilities for graduates 
have rated better than moderate, even significant, for many attributes earlier 
questionnaire based surveys identified as poor. For example, of the attributes the 
1990 UK Business/ Higher Education Round Table survey identified as lacking in 
graduates, graduate ability in all but language skills were assessed as moderate to 
significant.  
 
Whilst improvement in these deficiencies may be credited to engineering school 
initiatives, the question of how much should also be credited to the adoption of key 
competencies or ‘employability skills’ (often called the ‘Mayer competencies’) in 
secondary schools should be raised.  
 
Research commissioned by the Victorian Curriculum and Assessment Authority 
(VCAA) in 2003 included a comparative analysis of the curriculum and standards 
documents for the compulsory years of education in the Australian states and 
territories and seven international countries. This research indicated that, particularly 
in Australia, there was no clear understanding of what the school’s role in 
developing values and attributes in students should be. Further, with regards to 
generic and employability skills, there was no evidence that jurisdictions were able 
to ‘meet the wishes of employers (that employability skills form integral components 
of the curriculum and be subject to assessment and reporting) other than by 
embedding the teaching and discussion of these skills and attributes in various 
elements of the curriculum” (VCAA 2004, p10). In 2002, Paul Kilvert, Director of 
Change Management, Department of Education and Children’s Services, SA stated 
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that in South Australia the key competencies had ‘only been integrated into the 
formal curriculum and into the delivered curriculum to a limited degree’ (Kilvert 
2002, p25).  Thus it is highly probable that the secondary school contribution to the 
key competency development of engineering graduates who completed a four year 
university degree before 2005 was limited. 
6.4.1 The Mechanical Engineering Knowledge Base 
The low role significance rating for the mechanical engineering knowledge base 
group illustrates the need for consideration of the impact on individual roles of 
various attributes. For most roles in this study at least one of these attributes is 
essential for a Stage 2 engineer whilst other subject specialisms are of more limited 
use. Thus the averaging process has resulted in only Engineering Management and 
Materials Science in the significant attribute listing because these subject specialisms 
featured as significant or essential in more roles. A more accurate assessment of the 
overall significance of mechanical engineering subject specialisms is provided by 
problem solving attributes for which the mechanical engineering knowledge base is a 
major enabler.  
 
For most roles a broad engineering knowledge based is significant for a Stage 1 
engineer and essential for a Stage 2 engineer, however, most respondents assessed 
graduate abilities as moderate at best. These issues prompt the question: ‘Would a 
better overall outcome be achieved by an initially broader engineering focus 
followed by more advanced (elective) studies in a limited number of subject 
specialisms?’  
6.4.2 Engineering Management 
As well as engineering management being the most significant subject specialism, 
the high role ratings for the attribute groups management and communications reflect 
the essence of engineering practice. From its 19th century origins central to the 
profession has been the planning, logistics and teamwork necessary to accomplish 
engineering projects on time and to budget. Even the smallest projects require the 
involvement of support staff and artisans. Thus communication, project management 
skills, planning, teamwork, and leadership – classified by Palmer (2003) as generic 
professional practice engineering management skills - are significant for most Stage 
2 engineer roles. Nevertheless an understanding of appropriate mechanical 
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engineering subject specialisms is essential to underpin safe competent strategic 
engineering decisions (see Chapter 3 – de-engineering). 
6.4.3 Demand vs. Need 
In this study the roles performed to meet the skill demands of Australian industry 
were investigated. Engineering employment demand was defined by Rice (1969, 
p.46) as ‘a measure of the number of engineers that employers feel they should 
employ bearing in mind current objectives and costs.’ Rice defines employment need 
as ‘the requirement for engineers in terms of economic objectives from the point of 
view of current development and future national progress’ (ibid.). These definitions, 
given in terms of quantity, can be extended to the attribute profile of engineers.  
 
In the UK, international comparisons of matched samples of engineering 
establishments have shown that for a proportion of British engineering firms there 
may be a difference between attribute demand and need (Mason 1999, p.23). Mason 
uses the term ‘latent skills gap’. In Australia the issues of low professional 
engineering employment density, low expenditure on engineering research and 
development, the de-engineering of the 1990’s, the low proportion of engineering 
managers in the workforce and the low proportion of graduate engineer CEOs in the 
top companies are all factors that restrict engineering innovation and suggest that for 
professional mechanical engineers industry demand (as measured in this attribute 
study) may well be out of step with need. The less than significant ratings for 
innovation, creativity and entrepreneurship – essential to maintain economic growth 
- may well be a symptom. 
6.4.4 Attribute Supply and Demand 
A more abstract issue is the impact of the supply side of the equation highlighted by 
the low average weighting of the internationally high demand skill of Computer 
Aided Engineering. With better availability of engineers with CAE skills, would any 
roles have developed to make CAE skills more significant to those roles? Would 
other means of analysis become less significant? The CAE respondent expressed 
concern that engineers are requesting CAE analysis for applications where other 
methods would be quicker and more accurate.  
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Extending the question to other attributes, what influence do the attributes 
traditionally developed at university subsequently have on the way a role is 
performed in industry and thus the significance of the attributes associated with that 
role? With a different graduate attribute profile could the role change to provide a 
better overall outcome? How would that impact on associated roles? 
 
In this chapter the most critical (as previously defined) attributes for current and 
foreseen73 roles were identified. These included the underpinning mechanical 
engineering knowledge attributes. Nevertheless attributes necessary to maintain 
Australia’s economic growth and enhance her future competitiveness in the 
Information Revolution should not be neglected. Teaching strategies for these 
attributes have been discussed in Chapter 5 and this Chapter. Distance education 
brings special challenges as well as advantages in the use of engineering education 
teaching strategies as will be discussed in Chapters 7 and 8.    
 
                                                 
73 Respondents were asked to also consider anticipated future developments to roles in their 
assessment of attribute significance.  
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7 - Education at a Distance 
—————————————————————————– 
7.1 Introduction 
This chapter explores key issues in distance education to enable the candidate’s 
contribution to the field, as presented in Chapter 8, to be placed in context.  
 
Commencing with the historical origins of distance education and its initial 
inadequacies, this chapter describes the progressive use of new approaches and 
developing technologies that have addressed these inadequacies through such issues 
as conveying concepts, enabling practical experiments, and facilitating improved 
communication.  
 
These issues have been particularly significant for the School of Engineering and 
Technology of Deakin University. The school commenced delivery of technology 
programs in both distance and proximal modes in 1992 and expanded this to 
engineering programs the following year. This was the first time in Australia that 
complete engineering programs were made available through distance education and 
this introduced considerable challenges in the use of the teaching strategies described 
in Chapter 5 to develop professional attributes. Thus the use and limitations of new 
approaches and technologies in the distance delivery professional engineering 
attributes are also considered.  
 
This chapter also explores the impact of technological developments in distance 
education on the depolarisation of proximal and distance education; their impact on 
continuous professional development; and on global competition in higher education. 
7.2 Historical Origins of Distance Education 
Distance education was forged on the frontiers of North America and Australasia 
towards the end of the nineteenth century. It was more than simply a response to the 
vast size and sparse populations of these countries. The harshness of life in the new 
settlements developed a more democratic society than the Old World where 
education facilities for country dwellers were largely ignored and advanced 
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education was reserved for the affluent or fortunate. Also, the strong interest in 
primary production and the political power of the rural interest groups in the newly 
developing countries created a demand to remedy the imbalance in the provision of 
educational facilities between city and country.  
 
Although distance education (initially known as correspondence education) is 
founded on the technology of printing (mid 15th century) it also required the 
infrastructure of railways for fast reliable mail delivery. By late nineteenth century 
both the USA and Canada had transcontinental railways and each of the colonies of 
Australia had significant railway systems radiating from the major seaboard cities.74  
 
Some of the earliest experiments in correspondence education were for adult 
education. In 1890 the International Correspondence School began in the US 
teaching mainly business and technology. It developed to provide courses to prepare 
students for examinations by professional bodies and still delivers distance-based 
continuing education today as ICS Learning Systems. The following year a 
correspondence course in agricultural science was offered by an institution at 
Madison, Wisconsin for those unable to attend campus. However the main initial 
thrust of correspondence education was for primary education.  
 
The Calvert School at Baltimore, USA is usually credited with the first experiment in 
education of children at home by correspondence in 1905/6 (Bolton, 1986) and by 
1909 correspondence education was established in Victoria, Australia, to provide for 
children remote from primary schools. By the early 1920s each Australian State had 
established similar facilities and the western and central Canadian provinces 
followed between 1919 and 1927 with South Africa and New Zealand a little later.  
 
Primary level correspondence education relied on the labour of the children’s 
mothers, few of whom had previous teaching experience and many had limited 
formal education. It was designed for the rural minority whose educational 
expectations were not especially high. At the adult education level, correspondence 
courses to allow Australian teachers in remote areas to complete their qualifications 
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at a distance were introduced in 1910. In 1911 the University of Queensland became 
the first Australian university to enter the correspondence education field. During the 
1920’s and 1930’s several Commonwealth universities provided external tuition 
using the same methods as those used for primary school correspondence education. 
The main clients were itinerant or remotely based schoolteachers and civil servants 
working for bachelor degrees.  
 
In Old World countries such as Britain, correspondence education developed only in 
the private provision of adult vocational and professionally related education. Pitman 
was probably the oldest provider but the British Institute of Engineering Technology 
was significant in preparing many engineers for the corporate membership 
examinations of the professional engineering institutions. 
 
Compared with on-campus learning at even the most remote schools or universities, 
correspondence education was clearly second best - but preferable to no education at 
all. One problem was the delay inherent in correspondence communication which 
restricted dialogue and the flexibility to provide the timely response to individual 
differences in student knowledge base inherent in good proximal (classroom) 
teaching. However, since the early days of correspondence education, distance 
education has embraced a range of developing technologies to support learning. In 
1926, the Reverend Doctor John Flynn, founder of the Royal Flying Doctor Service, 
suggested the use of a two-way radio to support “inland” children with their 
schooling, yet it was not until 1951 that the first School of the Air was established at 
Alice Springs to deliver lessons as student support for correspondence education 
programs. In addition to radio programs with live talk back, the Schools of the Air 
developed educational programs which provided a variety of experiences such as 
home visits, and workshops and camps. They went a long way towards providing the 
mix of individual and group learning on which the pedagogies of conventional 
schooling are based.  
 
The take up of technologies in distance based higher education was initially slow. 
Probably most significant was the creation of the Open University in the UK in the 
387387 
74 Unfortunately due to different line gauges in each Australian colony at that time they could not be 
directly linked to form a national transcontinental rail system; however mail could be transferred 
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late 1960’s which initially delivered its lectures and demonstrations entirely by 
national television supplemented by printed study notes and tutorials held outside 
normal working hours at technical colleges throughout the country. It heralded a start 
to the uptake of technology that accelerated rapidly toward the end of the 20th 
century to make distance based education the most dynamic aspect of higher 
education. Print is often still used to present core teaching material. For the student 
they are easy to access, notate and cross-reference, are portable, robust and do not 
require additional technology to use. However online course delivery has become the 
dominant technology used in distance education. Other technologies include video 
and audiocassettes, television, tele- and video conferencing, and computer-based 
learning. The main limiting factor in the use of technology in distance education is 
student access to enabling facilities and the associated equity issues. 
7.3 Intrinsic Values in the Delivery of Higher 
Education by Distance Education. 
From its modest late 19th century beginnings, distance education in all its various 
forms is set internationally to become the dominant mode of higher education 
delivery of the 21st century. The key advantages of distance education are the 
flexibility of time and place of study. Study material can be delivered by mail or 
online to anywhere in the world and can be studied when and where is most 
convenient for the student. As successful distance education study requires the 
higher level of self-discipline and motivation usually more evident in ‘mature’ 
students (defined in Australia as those over 21), most universities enrol only mature 
students into distance education courses. However, mature students provide the main 
growth area in higher education. They include not only those who did not have the 
opportunity to go to university when they left school but also the increasing numbers 
changing career direction, studying for higher degrees or engaged in continuing 
professional development to update or broaden their education (Ferguson, 1998). 
Commercially, distance education also provides an easier mechanism into 
international higher education markets, and as government funding of universities 
diminishes, overseas markets become a critical income source.   
 
387387 
between trains at the state borders. 
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Distance education enables students who have already embarked on a career to avoid 
career disruption and the associated significant loss of salary. Ironically, many now 
live within easy commuting distance of the university. For those mixing part-time 
study with work or family commitments, it provides the convenience of time of study 
as well as the flexibility of geographical movement that may be necessary if the 
student or the student’s partner changes work location. With increasing globalisation 
and casualisation of the workforce, this is becoming increasing significant. Distance 
education is still frequently considered second class education and yet for higher 
education it has its own intrinsic educational advantages as highlighted in table 7.1. 
7.3.1 Imperfections in the Proximal Teaching Mode 
In the past there has been a tendency to focus on the few obvious disadvantages of 
distance education compared to proximal teaching; however proximal teaching has 
its own difficulties. Briefly, these include: 
• Imperfections in either the teaching or content of the lectures. In distance 
education these are more easily monitored and improved by both the physical 
substance of the materials and the course team approach. 
• Problems caused by sickness or family crisis of either the student or the teacher. 
• In the second half of semester, many students skip lectures and tutorials to meet 
assignment deadlines, resulting in a discontinuity in their study program.  
• Timetable clashes. 
• Practical difficulties in scheduling small group laboratory exercises synchronous 
with the study of the relevant theory.  
• Often inappropriate for mature age students in pursuit of continuous professional 
development/ lifelong learning. 
7.3.2 Depolarisation of proximal and distance education 
Recognition of the educational and marketing benefits to be gained by the use of 
distance education technologies has resulted in the adoption of many of them in 
proximal teaching. Other technologies effectively enable face-to-face teaching over a 
distance. An example of this is the ‘industrial campus’ where video conferencing and 
on-site lectures are provided at the work site for groups of industry based off-campus 
students (Wong and Ferguson, 1996). Further, some of the technologies now used 
extensively in support of distance education were initially developed for proximal 
teaching.  
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Table 7.1 Intrinsic Educational Advantages of Distance Education 
Interface with employment 
The ability to combine study with work in the field of study provides ideal reinforcement of 
course content. It enables the students to place the various areas of study into context and 
allows them to reflect on real experiences related to their studies. While “sandwich” courses 
are valuable in providing this through a period of suitable work based training at a suitable 
stage in the course, the ideal is better achieved by the combination of career-track work with 
relevant part time study. For most students distance education provides the most convenient 
way to achieve this. 
Independent self paced learning 
The physical separation from peers and teacher fosters an independent learning attitude in 
distance education students. Access to all the study materials at the start of each unit, gives 
them increased “user control” of the timing and order of study to suit their individual 
background knowledge. They can more easily recognise and redress any skill and knowledge 
deficiencies during the study program. This makes the study more meaningful for the student 
and has a positive effect on both motivation and self-confidence. It also provides the 
flexibility to cater for short periods of sickness, or exceptional family or work commitments. 
The distance education focus on learning has resulted in education being more student-
centred with the lecturer seen as facilitator.  
Wider variety of stimuli  
The level of mental stimulation produced through each of the various communication 
mechanisms varies with the person and significantly affects their ability to learn. For 
example, some may better recall information delivered aurally, others may respond better to a 
class demonstration. Conventional teaching favours those who respond best to a particular 
rather limited range. Correspondence education greatly limited that range to just the printed 
word (with illustrations), but the increasing variety of technologies now used in distance 
education has opened up a much wider range of stimuli (e.g. audio, video, interactive 
computer programs etc.) than conventionally used in on-campus teaching. Frequently studies 
introduced by one mechanism are developed and reinforced by others. This increases 
engagement for all students. 
Reduced environmental stress 
Distance education students are spared the stress of studying in an initially unfamiliar 
environment and the associated travel. 
Cumulative improvement in androgogic quality of the course 
The permanent physical nature of distance education materials provides a firmer foundation 
for detailed course analysis and development. Their permanent physical existence is more 
amenable to improvement through objective criticism than lectures. 
Reduced discrimination and potential for more inclusive participation 
Physical handicaps, the stigma of repeating a unit or differences in ethnicity, age, gender, 
physical appearance or socio-economic status can make students feel intimidated, insecure 
and isolated in a classroom environment; others may be naturally reserved in a large group. 
These factors can have a significant effect on classroom participation. However, the use of 
text-based computer conferencing can create a physical separation from peers and teacher, 
reducing or eliminating the effect of most discriminatory factors. The facility to compose and 
edit communications, to provide a considered response before posting them to the group, to 
reread and reflect on other peoples’ comments, and the degree of anonymity provided by the 
lack of physical presence, gives greater confidence to participate in classroom discussions. 
The result is a potential for more inclusive participation, improved social dynamics, and 
higher quality of discussion.                                                       Continued: 
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Table 7.1 Intrinsic Educational Advantages of Distance Education 
(Continued)  
Academic staff development from working in course teams 
Operational differences between the more established distance education universities and 
traditional universities are more than the educational delivery mode. In the traditional 
university the lecturer is usually solely responsible for developing all aspects of a unit of 
study within an agreed loosely defined syllabus. However the UK Open University pioneered 
a course team approach widely adopted by other higher education distance education 
providers. In this, teams of lecturers, often with an educational developer and access to editors 
and multimedia specialists, plan, create and continually develop the units - including not only 
subject matter but also presentation, androgogy and assessment. Discussion and reflection 
associated with the team focus on each unit of study provide continuous individual staff 
development.  
 
Facilitates inter-university collaboration 
Inter-university collaboration facilitated by the provision of distance based engineering 
degree courses can exist at a number of levels: 
1. A university (under licence) can use materials and facilities developed by another 
university. 
2. Materials and facilities can be developed and used collectively by several institutions. 
3. A university could prescribe distance education units provided by other institutions to 
expand its range of elective units, or replace a core unit of its own when a specialist 
lecturer becomes temporarily unavailable. Suitable distance education units could also be 
prescribed to solve on-campus timetable clashes or for on-campus students who need only 
one or two units to complete a degree, thus freeing them to take on full time career 
employment. 
4. A degree course developed and delivered through collaboration between two distance 
education providers. 
5. Provision of multi-university degree programs with a wide choice of distance education 
study units from a large number of participating Australian university engineering 
schools. 
 
The IEAust through its commercial subsidiary Engineering Education Australia has facilitated 
level 5; however there is scope to develop greater co-operative activity at the other levels. 
 
There are two distinct types of higher education distance education provider: 
autonomous providers which teach entirely by distance education, and ‘mixed’ or 
'integrated' institutions which have both on-campus and off-campus students. 
Integrated institutions predominate in Australia and in these the same academics 
prepare and teach distance education courses concurrently with their on-campus 
equivalents. This facilitates quick adoption of off-campus materials or facilities into 
on-campus use whenever considered educationally advantageous. Similarly direct 
classroom feedback from the on-campus group is used to improve the off-campus 
program.  
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Out of this depolarisation comes ‘flexible delivery’. The Flexible Delivery Working 
Party (1992, p47) defined this as an approach ‘which allows for the adoption of a 
range of learning strategies in a variety of learning environments to cater for 
differences in learning styles, learning interests and needs, and variations in learning 
opportunities’. To meet the objectives of flexible delivery a course should provide: 
• Flexibility of entry and exit point, program components, modes of learning, and 
assessment processes. 
• Learner control and choice regarding content, sequence, method, time and place 
of learning. 
• Application of learning technologies where appropriate.  
• Appropriate learner support systems and learning resources. 
 
Approaches taken in various flexible-delivery based courses and the degree of 
success in meeting these objectives vary widely. Delivery mode can vary from 
substantially on-campus delivery to fully off-campus delivery, however at both 
extremes the technologies and approaches developed in distance education are 
significant to meeting the objectives of flexible delivery. Adoption of flexible 
delivery has been notably high in the Technical and Further Education (TAFE) 
sector. Experience in the higher education sector here and in the US has shown 
provision of a full flexibility to have difficulties. In addition to the obvious staff 
workload problems this approach demands, it has been found that students prefer 
structure to their course, and that the flexibility to select assignment and exam 
deadlines has resulted in considerably extended programs and a higher rate of non-
completion.   
 
The definition provided by Deakin Centre for Academic Development (1997) is 
more practical ‘….Flexibility is recognised in the level of access to courses; the 
points of entry to and exit from courses; the place, time and pace of study; the form 
and pattern of interactions amongst learners, teachers and resources; the type and 
variety of resources to support study and communication…..’   
 
'Distributed learning' is a similar hybrid of distance and proximal education, but does 
not have the full flexibility envisioned by 'flexible delivery'.  Like flexible delivery, it 
can vary from (reduced) face-to-face contact enhanced by the use of a variety of 
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multimedia technologies, to complete distance education. However frequent misuse 
of the term to make the definition fit individual provider offerings has resulted in a 
wide range of definitions most of which are unduly restrictive of the range of 
technologies used, and many that appear synonymous with fully on-line learning. 
However the Utah Education Network (2004) defines distributed learning as 'Virtual 
learning that make use of mixed or multimedia tools to bridge the distance between 
teacher and learner. Such tools include videoconferencing, online instruction, e-mail, 
broadcast video, telephone, Internet and video streaming’.  
 
Typically, a range of distance education technologies may be used to present 
information, activities to reinforce learning and support discussion between students, 
whilst proximal activities are used to develop skills best practised in a face-to-face 
environment. A number of private ‘for profit’ universities and some public 
universities provide the face-to-face contact through a distributed network of small 
centres or ‘branch campuses’ each catering for 400 or so students. These are usually 
fully staffed with learning advisers but few other university facilities. Face-to-face 
teaching is often done to a script with limited degrees of interpretation to ensure 
consistency between campuses, but increasingly public universities simply use 
broadcast video to each site. This format is popular with US industry for in-company 
training to minimise the cost of travel, lodging and training facilities. 
7.4 Technology in the Delivery of Distance Based 
Engineering Higher Education. 
Individual engineering units of study by distance education have been provided by 
mixed mode Australian higher education institutions for some time, but until the mid 
1990s the IEAust required off-campus students to complete the last two semesters 
on-campus. The strong and justified reservations about the suitability of an entire 
engineering course of distance education study units were based on the approaches 
and technology commonly used until the early 1990’s. However the ensuing rapid 
advances in distance education approaches and technologies in engineering courses 
led the IEAust, in July 1995, to waive the on-campus requirement. Instead, 
institutions were required to establish mechanisms to ensure off-campus students 
acquired engineering practice skills, professional awareness and social responsibility. 
By this time IEAust commitment to the concept of distance education for 
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engineering degree programs had been demonstrated by its establishment of a 
subsidiary enterprise, Engineering Education Australia, to broker distance based 
engineering units from IEAust accredited university engineering degree programs.  
 
Recognising the special practical and experimental content of engineering courses, 
early concerns of the use of distance education delivery for engineering education 
included: 
• Inability to provide the physical demonstrations of concepts often provided in 
lectures. 
• The extended time difference between studying the theory and performing 
associated laboratory experiments at an on-campus workshop dramatically 
reduces the effectiveness of the experiment in reinforcing theory. 
• Lack of opportunity for discussions with lecturers, interaction with peers, and 
access to university services such as the library. 
 
The need to address each of these concerns created the drive to explore the potential 
of numerous ‘educational’ technologies both old and new. The Australian 
government and various philanthropic bodies providing funding for this required a 
continuing focus on educational outcomes.75 
7.4.1 Conceptual course components 
7.4.1.1 Video and Television 
Video and television are often used in distance education to deliver concepts that 
cannot be adequately provided by text and still illustrations. They can also provide a 
human face and voice to the educational program. Both media have the potential to 
significantly improve on the lecture, as classroom practical demonstrations often 
disadvantage students who are not positioned directly in front of the lecturer. They 
are usually carefully scripted, produced and edited to ensure concepts are presented 
clearly and unambiguously and have the flexibility to show close-up and overview 
shots as required and in directions that best illustrate the concept. Unconstrained in 
location, they can switch views at will between (say) lecture theatre, laboratory and 
                                                 
75 The specific illustrative examples of the use of media technology given in this section are from the 
School of Engineering and Technology, Deakin University. 
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industry or display multiple views simultaneously, enabling ample scope for 
clarification and concept reinforcement. Video is also used to great advantage in on-
campus delivery. To justify high production costs a life expectancy of several years 
is usually required, so care must be taken to avoid including content that may quickly 
date. Videos have been used extensively in all education sectors and particularly in 
industrial training, so there is already a vast library of ready made educational videos 
available. Most are commercially produced.  
 
The use of television in higher education predates video. The Open University in the 
UK, and many of its earlier counterparts around the world, were founded on the use 
of national television to deliver its lectures before video recorders became common 
household items. Television has the disadvantage of inflexibility in time of study 
(particularly as they are screened at unsociable hours), so with the advent of video 
recorders students often video recorded the programs to enable them to view (and 
review) the programs at more convenient times. The (UK) Open University found the 
requirements imposed on it by the national television broadcaster to be constraining 
and so focused more on the alternative media of video and computer aided learning 
(CAL) programs. 
7.4.1.2 Computer Aided Learning 
The current generation of CAL programs uses multimedia in the form of text, 
computer graphics, animation, and digitised audio and video clips to illustrate 
concepts, and interactivity to reinforce them. Interactivity allows the user to click on 
interactive links known as ‘hyperlinks’ in the form of text, a graphic or animation to 
access further information, indicate a response or control the order of presentation.  
 
CAL was first used to illustrate concepts in university level engineering education in 
Canada, the UK and the USA in 1962. The first use in the UK was for the computer 
simulation of nuclear reactor systems in a postgraduate course in the Department of 
Nuclear Science and Technology at the Royal Naval College, Greenwich (Smith 
1992) but over the next three decades the number and quality of the CAL programs 
were limited. They were expensive to produce had poor user friendliness that made 
them impractical to use without direct access to the lecturer/CAL developer and so 
were not used for distance education (ibid.). However during the 1990’s advances in 
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software, computer hardware and the development of multimedia technology had a 
tremendous impact on CAL. 
 
The first major development occurred in the early 1990’s when new multimedia 
authoring software became available enabling production of high quality user-
friendly CAL programs using computer graphics, animation and hyperlinks to be 
economically viable for university use. Off-campus students initially accessed these 
through one or more high-density floppy disks and on-campus students accessed 
them through a university Local Area Network. Using multimedia authoring 
software, CAL programs became more amenable to continuous development than 
video, and depict complex concepts more precisely. However, the choice of animated 
graphics or video depends on detailed consideration of the specific educational 
objectives. Each mode has its merits and there is value in diversity of media format.  
 
In the late 1990s compact disk read only memory (CD-ROM) drives which use 
optical disk technology became standard on personal computers to meet the 
explosive growth of storage demands of multimedia applications. Format is identical 
to the audio compact disks and provides a storage capacity of 700 megabytes 
enabling the development of the next generation multimedia form of CAL described 
above by accommodating data files that take up considerable storage space such as 
photographs, music, narration and even short digitised video clips, considerably 
enhancing previous limited multimedia capabilities. Narration, for example, used to 
supplement other media such as text, and graphics greatly enhanced understanding.  
 
The size of video files created the greatest challenge for multimedia developers. One 
second of movie speed uncompressed video requires 30 megabytes, but the 
development of video file compression software (which works by taking advantage 
of the fact that usually only a small proportion of the image changes from frame to 
frame) enabled video file size reductions of up to 95%. Nevertheless video 
capabilities are still limited to short video clips. However DVD-ROM drives now are 
becoming standard on personal computers. DVD-ROM discs can store 17 gigabytes; 
over 26 times that of a CD-ROM and can combine the advantages of educational 
videos with the features of enhanced high quality multimedia CAL - including easy 
editing of the digital images through the multimedia authoring software. 
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Access to CD-ROM quality multimedia CAL programs by video streaming direct 
from a web site can only be supported by high speed broadband Internet technology 
which is still not fully available throughout Australia. However hybrid CD-ROM in 
which content on the CD-ROM receives play commands through the web enables 
time dependent information to be readily updated from the web site, whilst retaining 
the multimedia quality of the CD-ROM.  
7.4.1.3 Automatic capturing of live lectures 
Systems of automated multi-stream capture and streaming of live lectures enable 
lectures to be recorded for Internet access by proximal and distance education 
students. A number of commercial systems are now available. One developed at the 
University of Freiberg in Germany aims to captures the lecture as naturally as 
possible. Lecturers can use a pen based electronic whiteboard in large screen or 
lectern format and enhance their presentations with video clips, animations and even 
PowerPoint slides. The multi-stream recording system captures an audio stream of 
the lecture, video streams of the presenter and audience, the electronic whiteboard, 
slides, graphical annotations, screen grabs of animations and video clips, and even 
documentations of PowerPoint slides. The various streams can then be automatically 
or manually authored and students can access the lectures through the Internet 
(Huerst, Mueller &Ottmann 2004, 2006; Mueller &Ottmann 2000, 2003). The 
availability of recorded lectures has not noticeably resulted in on-campus students 
skipping live lectures. The main use for proximal students is to repeat the lecture 
when doing assignments and preparing for exams (Huerst 2004).    
 
Deakin University first trialled a system called iLecture in semester 2, 2005. This 
mainly captured the audio component of the lecture together with the associated 
PowerPoint presentation. However it can also capture from a number of other 
sources.  
         7.4.2 Experimental course components 
For off-campus students there are a variety of strategies to deliver the practical 
requirements of an engineering course. They include on-campus workshops, home 
experiment kits, video and CAL laboratory simulations and direct access to 
laboratory facilities via the Internet. 
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7.4.2.1 On-campus workshops   
In Australian distance based engineering higher education, on-campus workshops are 
used to deliver the practical experiences essential for the development of a graduate 
engineer. They include conventional engineering laboratory work, access to facilities 
used to reinforce course concepts, and engineering workshop practice. For optimum 
use of on-campus workshop time, videos, CAL programs and study notes are used to 
prepare students for the intense workshop experiences. Students are given access to 
the study material before attending the workshops and prime issues (particularly 
safety issues) are reinforced as part of the introduction to the workshops Examples 
are: 
• For engineering workshop practice, CAL is used to develop student expertise in 
using micrometers and vernier callipers*76, and safety videos and study notes are 
used to introduce safe workshop practices, machine tools and fabrication 
equipment.  
• Videos have been developed to show students the correct use of laboratory 
equipment. 
 
To meet the new IEAust professional practice requirements all Deakin University 
School of Engineering and Technology students must now complete a two week 
workshop at each year level Off-campus students complete laboratory exercises at 
that time. However the time delay between the student studying the theory off-
campus and the practical work impairs its function of providing timely reinforcement 
of theories. The following strategies have been developed primarily to overcome this 
problem.  
7.4.2.2 Home experiment kits 
Home experiment kits are supplied with the appropriate study packages although 
some home experiments simply require common household materials. They are 
designed to provide a practical demonstration of one or more concepts and have the 
advantage that they can be carried out at the time the student is studying the related 
theory and thus provide immediate reinforcement.   
 
                                                 
76 Projects that are starred are described in more detail in Chapter 8. 
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7.4.2.3 Video and CAL simulations 
Video and CAL simulations of laboratory experiments have been developed for off-
campus use. One advantage of video is that it can document special events and 
processes that students are unlikely to witness in any other way. One example is an 
experiment using production equipment at a major car plant to examine the effects of 
various input variables on metal deformation during a deep drawing process. The 
video shows the test process and significant physical results linking them to the test 
results presented in the study notes for the students to analyse. 
 
In a CAL example, the student performs the classic materials tensile test in an 
interactive computer simulation (See Figure 7.1a and b.). The student is first required 
to 'pick up' a test specimen, 'fix' an extensometer to it and then 'clamp' it into a 
loading machine. The machine is started and the student sees dynamic simulations of 
the dial gauge in the extensometer, the load indicator dial and the electronic recorder 
plotting the stress-strain curve. The student can pause the loading, to record data if 
desired, and select the rate of load increase. As in a real tensile test, the student must 
‘remove’ the extensometer before the fracture point to avoid ‘damaging’ it 
  
Figure 7.1a Computer Aided Learning: Materials Tensile Test Rig 
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Figure 7.1b Computer Aided Learning: Materials Tensile Test  
7.4.2.4 Direct Internet access to laboratory facilities 
This concept was inspired by two similar projects carried out in the early 1990’s to 
demonstrate remote control of robots through the Internet. The first application of 
this principle to provide remote access to undergraduate laboratory facilities was a 
fluids flow-over-a-weir experiment* that relates the height of water over the top of 
the weir with volumetric flow rate. A second facility provided off-campus students 
Internet access and control of  computer controlled machine tools (a lathe and 
milling machine) within a flexible manufacturing facility* 
7.4.3 Communication and library services 
7.4.3.1 Telephone, Facsimile, Computers, Internet and the World Wide Web 
Four of the five technological developments now playing a significant role in 
distance education communications are surprisingly old. They are Antonio 
Meucci’s77 telephone (mid 19th century) and Alexander Graham Bell’s fax (late 19th 
                                                 
77 Although Alexander Graham Bell had been recognised as the inventor of the telephone since filing 
a patent 1871, the US Congress has recently recognised mechanical engineer Antonio Meucci as the 
real inventor (Carroll 2002). 
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century), Eckert and Mauchly’s electronic computer (1946), and the Internet, a US 
Department of Defense initiative started in 1969 as a network connecting a single 
computer at each of four US universities. The 5th significant development was the 
World Wide Web introduced at the end of 1989 to provide easy Internet access, 
sound and graphics. This was pivotal in the surge of popularity of the Internet, 
enabling its convenient use in distance education. The rapid advances in computer 
software and hardware during the 1990s and early 2000s were also major factors, as 
was the rapid fall in computer costs that made computers and Internet access more 
affordable. 
 
The advantages of the telephone for both one-to-one and small group discussions can 
be readily appreciated. Through tele-tutorials the off-campus student can reinforce 
his/her knowledge on the topic through discussion, get to know fellow students and 
feel less isolated from the university. They are effective for tutorials on descriptive 
topics but not for technical topics involving maths and visual concepts. They are 
unmanageable for groups of ten or more. A good alternative to tele-conferencing for 
project presentations is room based video-conferencing which is available to distance 
education students through Telstra operated video conferencing centres throughout 
Australia.  The fax, useful for convenient and speedy delivery of documents, 
sketches and small drawings etc. - particularly to supplement telephone discussion - 
removes much of the delay of conventional mail. It is however, the Internet that is 
having the most profound effect on all levels of education and is facilitating the 
development of effective distance based engineering higher education.  
7.4.3.2 E-learning systems 
E-learning systems are now commonly used to support distance education and 
augment proximal teaching. They use a system of unit web pages to provide standard 
unit information such as introductory details of staff, assignments, case studies, 
example solutions, special notices etc. and can also enable electronic submission and 
return of assignments, on-line multiple choice testing and provide useful direct 
Internet links including university services such as library services.  
 
One of the most widely used and significant e-learning facility is computer 
conferencing to provide Internet based, one-to-one and one-to-many interactive 
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communication, supporting both independent and collaborative learning. It enables 
students and lecturer to contribute to continuing asynchronous discussion in virtual 
classrooms. Contributions are ‘threaded’ and sorted to facilitate ongoing 
conversation on each topic over time. Students can also meet on line for synchronous 
real-time live ‘chat room’ discussion with a ‘whiteboard’ facility providing the 
facility to write and annotate with access from each site*. Phillips and Luca (2000) 
note ‘that students are reluctant to contribute unless they have “met” each other’. 
Harasim (cited ibid.) suggests students should have some initial face-to- face contact. 
The recently introduced professional practice workshops may facilitate this; however 
van der Veen (cited ibid.) suggests video conferencing as an alternative. It is 
anticipated that future developments of e-learning will include voice and desktop 
video  
 
Difficulties with computer conferencing include students who dominate discussion, 
but more frequently ‘lurkers’ who watch but do not contribute. It is ideal for whole 
group and small group discussions and useful to answer students queries (answer 
one, answer all) but it needs a skilful approach and regular access from the lecturer to 
maintain educational effectiveness and encourage students to regularly access the 
system.  
7.4.4 The use of technology to facilitate the delivery of professional 
attributes  
The new focus on developing professional engineering attributes in undergraduate 
engineering courses was discussed in Chapter 4. Chapter 5 investigated teaching 
strategies to develop these professional attributes. However most of these strategies 
would be unworkable in a distance education course, without the more recent 
developments in the use of educational technologies. Hands on experiences and 
activities to reinforce deep learning need to be available at the time of study as 
provided by the use of home experiment kits, video and CAL simulations and direct 
Internet links to laboratory equipment. The more immediate forms of communication 
provided by phone, fax, and more significantly the Internet, greatly enhance dialogue 
to enable exploration and clarification of concepts and reinforcement by reflection. 
Deep learning in turn supports the development of higher level competencies such as 
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critical thinking, analytical skills and creative thinking. These skills, together with 
information acquisition skills, are needed to support lifelong learning.  
The development of information acquisition skills requires access to information 
resources of the standard provided by a good university library. The Internet 
provides direct access to the university library and also web based information 
resources, however, as anyone can put information on the web, students must quickly 
develop skills in evaluating the authenticity and accuracy of information sources. 
Enhanced communication technologies are also critical in enabling the regular 
support necessary for ill-defined-problem based learning to develop ‘ability to 
undertake problem identification, formulation and solution’, ‘creativity’ and support 
‘innovation’ skills. Regular discussion is also necessary to develop professional and 
ethical attitudes.    
 
A significant problem in distance education is the use of group activities such as 
group projects and group experiments to effectively develop leadership and team 
skills and support innovation skills. As well as holding formal meetings, students 
need to be able to communicate frequently as a group at a working level to discuss 
calculations, designs, wording for reports, etc. E-learning chat rooms with ‘white 
board’ facilities supplemented by a range of other communication technologies 
including tele-conferencing, fax, and email attachments can support this.  
 
A significant issue raised by a recent study (Lim and Lee, 2000) shows the level of 
basic information technology (IT) skills of Australian first year on-campus students 
to be ‘variable’. Although many have excellent IT skills there are a substantial 
number who do not have the basic skill level required for their course. While the use 
of computers in industry is widespread, it is anticipated that there are also many 
mature age distance education students who lack these skills. The IT demands for 
these students are much greater and local support may not be as readily available. To 
achieve successful learning outcomes, there is an urgent need to provide these 
students with access to basic IT training early in their course.  
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7.5 Educational Technology in a Changing Education 
Environment 
7.5.1 The global economical focus on education  
The significant decline in Commonwealth funding during the 1990s forced 
universities to gain more than half of their funding from non-government sources. 
International education became a major source of this funding. The Commonwealth 
government had given strong financial incentive in 1985/86 by allowing Australian 
universities to recruit full-fee paying international students and the right to retain the 
funds generated. By 1997 international students enrolled in Australian universities 
comprised a higher proportion of total higher education enrolments than any other 
leading host nation, with many universities earning $28 - $45 million per annum 
from international student fees (Mazzarol and Hosie 1997). In 1998 earnings from 
the export of Australian education and training services made it the nations 8th largest 
export industry, generating $3.018 billion. Australia became the world's 6th largest 
exporter of education services. Distance education and computer mediated 
communication technology played a major role in this with most Australian 
universities now active in off-shore delivery with the stated aims of both income 
generation and to enhance their international reputation.  
 
In 1997, Peter Drucker told a higher education conference that in 30 years time 
bricks and mortar universities would disappear to be replaced with virtual 
universities (Cervini 2004). This led in the late 1990s to university administration 
and government advisers (here and overseas) look to distance education as the means 
of providing ‘economy of scale’. The financial focus was extreme in the US where a 
1997 Coopers and Lybrand white paper (cited Farber, 1998) claimed that using 
packaged instructional software:  
...a mere 25 courses (subjects78) would serve an estimated 80% of total undergraduate 
enrolment in core undergraduate courses....Distributed learning79 involves only a small 
number of professors, but has the potential to reach a huge market of students. 
                                                 
78 The term ‘course’ in North America is equivalent to a ‘subject’ in Australia. 
 
79 This is based on a different definition of ‘distributed learning’ than given earlier. 
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Fiscally motivated, US state and federal politicians, university administrations and 
computer and communications companies rushed into ‘online’ or ‘network’ 
education. They saw the opportunity to dramatically increase student numbers by 
‘going global’ and, by minimising intermediation, similarly increase the student/staff 
ratio. Online delivery also enabled many new providers to enter distance education 
without the capital or operating cost of traditional distance education infrastructure. 
Often just text and illustration based course material delivered online; it effectively 
just transferred the printing costs to the students. Many universities rode roughshod 
over their academics’ intellectual property rights in the process (Noble, 1988). They 
had little concern for androgogy and, with the goal of minimal intermediation, this 
was educationally little different from the correspondence education of a century 
earlier! After the professors had created the study material, some universities made 
savings by replacing them with tutors (ibid.). In the process they gave away the 
talent required to maintain and update the study material! The New School in New 
York operated without any academic staff. It hired outside contractors - mostly 
unemployed PhD graduates - to write the study material (ibid.). In 1997 the 
California State University, the largest public university in the US, created a deal 
with Microsoft, GTE, Hughes and Fujitsu that would have given these companies a 
monopoly over the telecommunications infrastructure, marketing and delivery of its 
online courses. The companies eventually pulled out of the deal following well-
publicised demonstrations by both staff and students (ibid.).Several new online 
universities and new online campuses of existing universities started in the US 
towards the end of the 1990s.  
 
The anticipated financial gains from online courses were not realised. Gerald Heeger, 
Dean of Continuing and Professional Studies at New York University is quoted as 
saying, 'The dirty little secret is that nobody's making any money' (ibid.). Rather than 
gaining the anticipated economy of scale, many online courses were vastly under 
enrolled. As well as the major financial losses, the computer-based 
commercialisation of education created industrial unrest in the US and Canadian 
higher education systems. Academics at York University in Toronto went on strike 
for two months against administration initiatives to implement instructional 
technology (ibid.). A more established development is the ‘hollow’ university, which 
acts as a broker for distance education providers including online courses. 
Confusingly, fully online universities and ‘hollow’ providers are both known as 
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‘virtual’ universities. One example was the Western Governors University, a 
completely distance education operation (40% online, 60% print or video) acting 
substantially as a broker for other US universities. Sponsored by the governors of 19 
states and 20 major companies and trusts, it spent several years and millions of 
dollars in preparation to open in 1998 with an enrolment of 10 out of an anticipated 
5000 and by 2002 its total enrolment had increased to only 500 (Lawrence 2002). Its 
main source of funding is from corporate sponsors (ibid.).  
  
Many online universities are failing. Recent examples include UKeU, Fathom, New 
York University Online, and Temple University (Cervini 2004). Simon Marginson 
affirms that the expectation of saving money by displacing proximal teaching was 
false, a view now shared by the OECD and World Bank (ibid.)  
 
An analysis of the essential differences between the failing and surviving ‘virtual’ 
universities reveals that the failing providers were essentially instructor free and 
isolationist in their approach. The survivors were often those who created and 
maintained the human touch of ‘attentiveness’ and intermediation. Professor 
Marginson (cited ibid.) says ‘even if it’s a good on-line product, most students will 
generally want interaction with teachers and.....with each other’. The prime example 
of a successful online university is the University of Phoenix Online, the biggest 
provider of online courses in the US (ibid.) which features weekly classes held at 
night or weekend and weekly peer meetings (University of Phoenix 2002).   
 
It is now recognised that high quality online teaching requires smaller staff student 
ratios than proximal teaching. Students must feel that they are part of a learning 
community and derive motivation to engage in the study material from the lecturer. 
For quality distance education courses the cost to the university per student is higher 
than for proximal teaching, particularly when the high set-up cost of developing 
course materials is taken into account. (This is now reflected in US course pricing.) 
The US lesson was quickly assimilated globally. A response from the UK Open 
University was the introduction of a residential requirement into its courses. In the 
US the focus on online education is returning to androgogy. Most now indicate an 
intention to employ combinations of delivery mechanisms e.g. mixing proximal and 
online delivery, and are putting more academic staff into distance education delivery. 
In Australia there was renewed focus on the need to ensure interaction between staff 
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and student and more financial realism. It seems the anticipated productivity gains 
are elusive.  
7.5.2 Global competition 
Arrangements to deliver Australian higher education in the (mainly) Asian market 
place take the form of overseas students studying in Australia, off-campus (distance 
education - increasingly online) or ‘offshore campus’. The demand for international 
higher education in many Asian countries has been created by the limited number of 
university places in the student’s home country. 
 
The USA, UK. Germany and France are historically the major suppliers to the 
various international higher education markets because of significant political links 
(such as past colonisation) and remain so (Larsen Momii and Stephan 2004). 
Nevertheless Australia has the highest proportion of foreign students in the world 
(ibid.) and international students in Australia comprise one of the highest (and 
growing) proportions of total higher education enrolments in the world (18%) 
(Lukic, Broadbent & Maclachlan 2004) contributing significantly to Australian 
higher education funding. From 1997 to 2002 there was a 123% growth in 
international student enrolments and 34% of all international students resided 
overseas (ibid.). Of the international students resident overseas 64% are enrolled on-
campus (principally in Australian off-shore campuses); the remainder as distance 
education students of Australian on-shore campuses (ibid.) Growth in overseas based 
international students from 1997 to 2002 was 183%; almost double that of those 
resident in Australia and largely reflects the greater affordability of being able to 
study part or their entire course in their own country (ibid.). 
   
Globally the main growth area in higher education is the mature student/professional 
development sector, which is best served by distance education. Major sectors of the 
Asian region have their own distance education providers and several Asian 
countries created their own ‘Open Universities’ from around the mid 1970’s. By 
1996, five of the world’s eleven mega-universities (defined as open universities, with 
annual enrolments of 100,000 or more students per year) were based in Asia (Daniel, 
cited Potashnik & Capper 1998). The China TV University System alone produced 
more than 100,000 graduates a year through distance education and more than half of 
China’s 92,000 engineering and technology graduates in 1996 (ibid.). The global 
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nature of distance education has led to considerable international competition but 
established government quality controls and Australian expertise in flexible distance 
based higher education provide competitive advantage.   
7.5.3 Changes in Australian tertiary education 
The last few decades of the 20th century saw a breathtaking rate of change to the 
Australian higher education sector. It saw the end of free higher education with 
students now contributing substantially to the cost, and in line with other countries it 
has seen a massive expansion in student numbers in the university sector leading to a 
much wider range of student abilities. This resulted in a shortage of academic staff, 
overcrowding of students and pressure for new buildings. Compounding this, 
government ‘encouragement’ for universities and Colleges of Advanced Education 
to amalgamate and reform caused severe adjustment pressures within the higher 
education sector. In late 1989 six higher education providers were designated as 
Distance Education Centres (DECs) with special funding arrangements and they 
became operational in 1991. This special funding treatment caused disquiet amongst 
other higher education establishments. In December 1992 the Commonwealth 
published a document indicating that the DECs should have operated to overcome a 
wide range of pressures on the higher education system (NBEET, 1992 p1). As these 
included shortage of academic staff, and the long term declining rate of funding per 
student it is clear that the Australian government had a similar Fordism view of 
distance education as prevailed in the US. Funding arrangements for the DECs were 
removed at the end of 1993. Throughout the 1990s corporatisation of the Australian 
university sector and the adoption of the notion of student as client or customer was 
driven by increased government demands for financial accountability, detailed 
reporting of the core functions of teaching, research and community service, and the 
need to commercialise activities for financial sustainability. Casualisation of 
academic staff became widespread throughout higher education, not only in 
Australia but also in the UK and US. Government encouragement for universities to 
self-fund by offering full fee paying places alongside government subsidised places 
in undergraduate courses was initially resisted by most universities. Instead they 
focused on full fee paying coursework higher degrees and non-award courses often 
taken by mature students combining study with full time employment where tax 
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deductions would make the course more affordable80. The flexibility of distance 
education provides substantial advantages for these students. From just six DECs a 
little over a decade ago now virtually all universities have some involvement.  
 
However the advantage of flexibility in distance education also applies to the 
traditional on-campus undergraduate student. A study by the University of 
Melbourne’s Centre for the Study of Higher Education showed the international 
emergence of the 'learner-earner', caused by the increasing cost of higher education is 
reflected in Australia. They found that in Australia the number of full-time on-
campus students who work part-time to provide their only or major source of income 
rose from 26% to 36% between 1994 and 1999 (Cook and Couchi, 2000). Overall 
42% of full-time on-campus students worked between 11 and 20 hours per week and 
many employers were not sympathetic to their study needs. A later survey of 30,000 
students presented in the report ‘Paying their Way’ by the Australian Vice-
Chancellors Committee (cited Ketchell, 2001) showed that in the year 2000 almost 
half missed classes because of part-time work, work had impeded the studies of 58% 
of students, and 70% of students had worked during the semester. Wolf (2002 p.83) 
adds that student jobs have become the norm throughout the developed world but 
argues that for most it is not because of poverty but to supplement their incomes to 
provide a greater measure of financial independence. 
 
Factoring in also their widening ability range, it can be seen that the traditional 
approach to on-campus delivery used in higher education is becoming less 
appropriate. There is less opportunity for peer interaction and support as increasingly 
many students simply drive in for lectures, tutorials and workshops and drive home 
again. There is a growing need to adopt features of flexible delivery in on-campus 
higher education to provide flexibility in study time and to accommodate missing 
prerequisite knowledge. The availability of off-campus study materials and e-
learning systems can support this.  
                                                 
80 There is an equity issue here. Those in lower income groups may no longer be able to afford the 
continuing education increasingly required to maintain employability. 
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7.5.4 Continuing Professional Development 
Internationally this is the fastest developing education market and is principally 
targeted by corporate and private institutions of higher education world-wide, but 
particularly in the USA where employers are more focused on the competitive 
advantages accruing from a highly skilled and flexible workforce. Many students can 
substantially offset their study costs by employer sponsored tuition subsidies and tax 
breaks.  
 
Notable of the traditional US universities, Harvard gains about $US150 million per 
year (10% of its budget) from continuous professional development activity and the 
University of California at San Diego gains about $US 25million. However, the rapid 
growth of the corporate and for-profit universities is fuelled by general 
dissatisfaction by industry with the responsiveness of the US traditional providers. 
Over the 10 years to 1998 the number of US corporate universities rose from 400 to 
1600. Arthur Anderson quotes a 1998 figure of $61 billion for company training 
(Cunningham et al, 2000, p75). The term 'corporate university' reflects the lack of 
US regulation of the higher education sector. It is simply an attractive label for a 
diverse range of company human resource department training divisions.  
 
Concerns of an imminent large-scale influx into the Australian continuing 
professional education market resulting from the explosion of US ‘global’ private 
and corporate universities seem unfounded (Cunningham et al.2000). Although many 
were set up with the aim of providing global services, few have even ventured 
outside the US. The realisation of the need to provide local support and 
customisation reduces some of the financial incentive. Most large US multinationals 
- including those with corporate universities - outsource their overseas employee 
education and training to local providers (ibid.). Internationally, Australian providers 
have a competitive edge through leadership in distance and distributed education; 
focus on work-readiness and professional attributes; and cost effective and agile 
response to corporate client needs.  
7.6 Australian distance education - the future. 
Australia appears to be maintaining market share of the international distance 
education market against a highly competitive field with an increasing proportion 
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studying off-campus or off-shore campus. Much is due to well-established expertise 
in distance education and use of educational technologies, experience with part-time 
higher education students, established local partnerships and alliances, and a student 
centred customer focus. Good market research has enabled Australian providers to 
adapt to the rich variety of cultures and economic conditions that demand different 
approaches to delivery, including different forms and levels of support. There is also 
an increasing awareness of the need for internationalisation of content. For 
engineering it is accepted that basic engineering principles are international, but 
often the local industrial profiles, regional and cultural aspect should be considered. 
In spite of the problems of poorly mediated online education in the US there is 
increasing demand for (well-supported) online delivery.  
 
Quality assurance issues are also becoming critical in the market place as fiscally 
motivated global competition along with the ‘massification’ of higher education 
places a risk on the continuance of educational standards as well as the quality of 
educational process. In India there has been legal action arising out of allegedly 
misleading advertisements placed by agents for Australian universities and 
allegations that some foreign universities are ‘dumping low quality courses in Asia’ 
(Meek and Harman, cited Osmond, 2000).  
 
Driven by the concern to protect the Australian higher education export industry, the 
Australian Universities Quality Agency was appointed in 2000 with responsibility 
for auditing the quality of Australian universities and ‘enhanced’ auditing of offshore 
programs began in 2005 (Department of Education, Science and Training c.2004) 
However, many countries, including the USA are establishing rigorous national 
accreditation agencies and in Europe the Bologna Process has as a key objective the 
assurance of high quality higher education throughout Europe to enhance 
international competitiveness.(Bourke 2005).    
 
 Quality assurance of educational standards is particularly critical for professions 
such as engineering and medicine, where reduced competency levels could have 
disastrous consequences. In Australia the IEAust provides professional accreditation 
of engineering courses with international standing provided through the Washington 
Accord in which the professional engineering bodies of nine countries (as from 
2005) recognise the substantial equivalence of each other’s accredited academic 
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programs. The countries of the nine signatories are Australia, Canada, Hong Kong, 
Ireland, New Zealand, South Africa, UK, USA and Japan  
 
Nationally the technologies of distance education are also set to substantially change 
the face of on-campus teaching. Distance education is increasingly used in Australian 
secondary education to overcome specialist academic skill shortages in single 
subjects. This develops in these students some of the self-discipline, maturity and 
technical competency needed for off-campus study. This factor combined with the 
increasing need for full-time on-campus students to work part-time to provide their 
only or major source of income, and the greater range of abilities of our students 
indicates the appropriateness of adopting some of the flexibility offered by distance 
education technologies in on-campus teaching. E-learning systems also provide 
opportunities for increased peer support and interaction. As almost every Australian 
university now has facilities and expertise in distance education, their adoption to 
meet on-campus student needs is inevitable. In effect this is moving along the path 
towards providing distributed learning for traditional students and blurring the 
distinction between off and on-campus students.  
 
Distance education that is well supported technically and with good lecturer 
interaction is now recognised to be more expensive for the providing institution than 
proximal teaching, but is more educationally efficient and facilitates continuing 
employment. This provides economic advantages for student and nation and is 
crucial for the viability of continuous professional development. The continuing 
move towards full fee paying courses in Australia could result in pricing differentials 
between on-and off-campus delivery, as in the US. Recognition in the US of the need 
to ensure good interaction between lecturer and student led to the use of tele-
conferencing combined with computer-mediated communication as a favoured form 
of distance education delivery.  
 
In the past the special demands of distance based engineering education led to 
significant development of a wide range of enabling technologies. The attribute focus 
is anticipated to generate a new set of challenges and this will be discussed in 
Chapter 10.  
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8 - Distance Education Research and 
Development 
—————————————————————————– 
8.1 Introduction 
This chapter provides an account of the candidate’s work in developing and 
assessing the use of various educational technologies to overcome the special 
problems in delivering concepts and developing suitable professional attributes 
through distance based engineering courses.  
 
Deakin University had provided traditional engineering courses such as mechanical, 
civil and electrical until the early 1980s when the school of engineering was closed 
due to a shift in government funding policy. Later it was realised that the existing 
resources and expertise at Deakin could be utilised for new flexible delivery 
engineering courses designed to meet the future needs of the Australian economy 
(Wong & Ferguson 1996a; 1996b). 
 
The School of Engineering and Technology at Deakin University began in 1991 with 
the following policy decisions: 
• Develop new non-traditional engineering courses more attuned to the needs 
of the 1990s; 
• Maintain close industry links to provide graduates responsive to the needs of 
industry; 
• Deliver courses in the open campus mode to take advantage of Deakin 
University’s expertise in distance education; 
• Use and develop the latest educational technologies and ideas for open 
campus delivery; 
• Take particular note of the recommendations made by various organisations 
in course design notably the Commonwealth government’s ‘Review of the 
Disciple of Engineering’ the ‘New Pathways in Engineering Education’ and 
the IEAust ‘Guidelines for Management Studies in Engineering 
Undergraduate Courses’  (Williams1988; Lloyd et al. 1989; IEAust 1991) 
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• Provide articulation paths for mature-age students that take into account past 
tertiary education to avoid them studying material they already know; 
• Build the subject units from independent modules to allow course 
customisation.       (Ferguson & Mandal 1994) 
 
The Faculty of Education had just trialled the university’s first distance education 
program using Internet based computer-mediated communication and the new 
School of Engineering and Technology was to use that methodology as part of their 
educational delivery. The school had its own multimedia and computer specialists, as 
well as its own educational advisor and editorial staff for off-campus study guide 
production. Substantial expertise and resources in audio and video production and 
course development were also available within the university.  
 
The School of Engineering and Technology commenced teaching to both off-campus 
and on-campus students in 1992 with the first year of a Bachelor of Technology in 
Manufacturing. 
8.2 Application Research and Development of 
Alternative Educational Technologies 
8.2.1 Video 
8.2.1.1Graphics in 3D 
Concern relating to the inability to provide the physical demonstrations of concepts 
by distance education delivery was immediately recognised in the teaching of 
engineering drawing projection methods (first and third angle projection, sectioning 
and auxiliary views) in the first unit the candidate prepared for distance education 
delivery, Engineering Drawing. Conventionally these are demonstrated in class 
using appropriate models and equipment but would be difficult for off-campus 
students to understand from printed texts, even with extensive graphical 
illustrations. This led to the school’s first application of alternative educational 
technologies, the video Graphics in 3D (1992)81’. The candidate scripted the video 
                                                 
81 The third dimension is time. Throughout the 1990s this video was frequently used to showcase the 
Faculty’s distance education capabilities.  
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and presented the demonstrations with support from the school’s educational advisor 
and Deakin University’s senior video producer at Deakin University’s audio and 
video studios. The video presented close ups of drawing construction procedures 
and accurately aligned views of models to more clearly explain the concepts than is 
possible even from a class demonstration. As well as being part of the off-campus 
study package, the individual video segments became part of the on-campus lecture 
program. 
8.2.1.2 Video simulation of laboratory experiments for open campus use. 
The video Manufacturing: drilling experiments (1995) was developed with the 
support of a Deakin University Teacher/Teaching Development Grant. The 
candidate was a team member. This presents a distinctly different application of the 
use of video technology in education. It took advantage of a rare lengthy period of 
non use of major production plant at the Ford manufacturing plant in Geelong. For 
safety, logistics and the one off nature of this event this plant could not be used in a 
normal on-campus teaching environment however it presents an ideal authentic 
platform to reinforce deep learning. Recorded on site, the various components of the 
experiment were presented along with video recordings of the instrumentation. At 
suitable points in the recording, questions were presented to stimulate the student to 
reflect on the experiment and associated study components. Responses to these 
questions were to be included in the students’ laboratory reports.       
8.2.2 Computer Aided Learning 
In 1992 the candidate scripted and designed the Computer Aided Learning (CAL) 
program Metrology to introduce the students to the variety of callipers, micrometers 
and vernier callipers, demonstrate the principles involved and develop expertise in 
their use. The program was created by our multimedia specialist.  
 
On-campus students attend regular workshop practice sessions scheduled throughout 
the semester. Off-campus students attend a concentrated on-campus program over 
several days unless they have previous workshop experience covering most of the 
program. Skills in the use of vernier callipers and micrometers are required near the 
start of the workshop practice program involving a considerable amount of one-to-
one teaching. While the instructor is involved in this activity he or she is not 
available to other students who need help in getting started. 
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Because of the advantages of animation, CAL was used to considerably reduce the 
time involved in this instruction. (See Figure 8.1 Computer Aided Learning: 
Metrology.) Very brief notes and illustrations were included in the program itself to 
make the program self contained.  
 
 
Figure 8.1 Computer Aided Learning: Metrology 
The program features extensive computer exercises including simulated instrument 
readings to reinforce the principles behind the vernier and micrometer. It also shows 
how the instruments should be used in a variety of measuring situations and the care 
required to prevent damage to these precision instruments. The student is informed if 
his/her answer is correct at the end of each exercise and at the end of each set of 
exercises a score is displayed.  
 
On-campus students were scheduled to use the program in the engineering computer 
laboratory. They had lecturer support and were given practical measuring exercises 
immediately after the CAL session to reinforce their knowledge and develop their 
skills. Off-campus student received the program as part of their study materials.  
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Further development of the program resulted from the need to correct uneven vernier 
line spacing (caused by low screen resolution), the availability of the new CAL 
authoring software Authorware (Macromedia Inc. 1993) and the Deakin University 
funded study discussed below. 
 
The use of vernier instrumentation in physics experiments resulted in the program 
also being recommended to students taking physics. The program is now included on 
the Deakin Learning Toolkit CD-ROM which is annually updated and sent to all 
Deakin University undergraduate students.  
8.2.2.1 The evaluation and development of a CAL program.  
By the end of 1993 the school had developed four computer-aided learning 
programs to support various study units. A study funded by a 1994 Deakin 
University Teacher/Teaching Development Grant enabled a timely survey of CAL 
effectiveness principally based on the Metrology CAL program. The candidate was 
team leader.  
 
The study was centred on an extensive questionnaire to assess the level of 
satisfaction with the content; perception of instructional quality; perception of 
technical quality of the program general informative questions and open-ended 
questions (Ferguson and Wong 1995a). On-campus students completed the 
questionnaires immediately after completing the CAL program exercises and were 
asked to record their simulation scores. This not only provided information on the 
students’ knowledge through using the computer program but facilitated correlation 
studies with the results of the on-campus practical exercises. With the prior 
agreement of the students, the sessions were also video taped. Questionnaires were 
also completed by the off-campus students, selected academics of the School of 
Engineering and Technology and academics from the engineering departments of 
three other tertiary institutions (ibid.). 
 
Key findings included: 
• The most successful features of the program were the use of graphics and 
animation. This confirms research by Baek (1988) which showed that using 
CAL to teach a mathematical rule, graphics and text produced higher 
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performance scores than without graphics, and the addition of animation 
produced still higher scores. 
• CAL alone may not be sufficient to teach practical skills. A CAL program 
designed to teach both theory and practice should be accompanied by 
practical sessions. 
• From the video observations of on-campus groups we found that students 
discussed the program exercises with their peers. CAL based research by 
Stephenson (1992) found students who worked in pairs outperformed 
students who worked individually. So although CAL programs are developed 
for individualised instruction, for on-campus students there is value in 
embedding CAL in co-operative learning environments (Light and Mevarech 
1992). 
• 97% of the students had played video games – a well researched multibillion 
dollar industry. It was therefore useful to consider the motivating factors of 
video games in the design and development of CAL programs. Video game 
motivating factors include immediate feedback, reinforcement of correct 
response, control and interaction between the user and computer (Joordens & 
Wong 1994; Loftus & Loftus 1983; Bowman  1982; Malone 1981)   The 
issue of user control was raised several times in the open ended questions 
 
The various ways in which user control can enhance learning are:  
• it enables the user to organise the order of presentation in a way that is 
individually more meaningful;  
• it improve the relevance to the user and thus motivation; 
• it improve self-confidence  
       (Milheim & Martin 1991). 
 
There are three user control variables: the pace at which the student progresses 
through the program; the order of presentation; and the ability to select the 
information he or she needs according to current abilities. The latter produced the 
only negative comment in the study; the lack of ability for a student already familiar 
with the theory to skip the lessons and just do the exercises. This feature was 
incorporated in the next version of the program. 
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8.2.3 Experimental course components 
It is the practical and experimental nature of engineering that presents problems in 
distance education that have little impact in study areas such as management, 
mathematics and many arts courses (Ferguson and Wong 1995b). Although distance 
education students attend laboratory sessions at the time they attend their 
professional practice workshops the time difference between a student undertaking 
laboratory experiments on-campus and his/her studies off-campus impedes student 
reinforcement of theory by practice (ibid). Nevertheless ‘practical difficulties in 
scheduling small group laboratory exercises synchronous with the study of the 
relevant theory’ is also listed as one of the imperfections in the proximal teaching 
mode presented in Chapter 7.  
 
A major focus of the school’s education research has been on using modern 
educational technologies to minimise this problem for off-campus students 
recognising that these developments also provide distinctive advantages for on-
campus students. Examples already discussed include the materials testing CAL 
program described in Chapter 7 and the manufacturing drill experiment video 
discussed above.  
8.2.3.1 Home experiments 
A partial solution to experimental requirements was the concept of home experiment 
kits included in the study packs of some of the units. They have the advantage of 
enabling immediate practical reinforcement of a concept after the student has studied 
the appropriate part of the text. However they are meant to complement rather than 
replace traditional laboratory experiments (ibid.). Practical reinforcement of a 
concept through home experimentation can also simply require materials that a 
student would have at home, a principle the candidate has used in an introductory 
fluids module.  
8.2.3.2 Internet based laboratory experiments 
In the late 1990s two Commonwealth government funded lighthouse projects were 
developed to allow off-campus students to carry out laboratory experiments from 
home by controlling equipment located in the school through the Internet. This 
concept was inspired by two similar projects carried out in the early 1990’s to 
demonstrate remote operation of robots through the Internet. James Trevelyan (2002) 
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of the University of Western Australia in 1994 developed the world’s first web-
operated industrial tele-robot. The other project (same year) was by Goldberg et al. 
(1994). 
8.2.3.3 The FLOW project. 
The first application of this principle was the ‘Fluid laboratories the off-campus way’  
(FLOW) project to provide remote access to undergraduate laboratory facilities was 
a fluids flow-over-a-weir experiment that relates the height of water over the top of 
the weir with volumetric flow rate (Florence et al., 1997). It is elegantly simple. It 
allows the student to digitally control the pump speed within set safe limits. A video 
camera focused on the weir updates a digital image of the weir on request and 
transmits it to the student via a WWW server. The student measures the height of the 
water using a ruler fixed against the weir. (See Figure 8.2 the FLOW project.)  
 
 
Figure 8.2 The FLOW project 
It is necessary to use still images rather than video, as the quality of video images 
transmitted through narrow band Internet is not clear enough for accurate 
measurement. The facility can be left unsupervised as the water is constantly 
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recirculating. An alarming finding was that many students were not aware that the 
equipment was real. To them it appeared to be a computer simulation similar to many 
computer games (Lemckert and Florence 1996) 
 
The project was first funded by a 1995 Deakin University Teacher/teaching 
Development Grant and in 1996 was funded by a $50,000 grant from the Committee 
for the Advancement of University Teaching (CAUT). The candidate was a team 
member for both awards. The project gained further sponsorship from Apple 
Macintosh and so was converted to an Apple platform using a Macintosh PowerPC 
(Ferguson 1997) 
8.2.3.4 The GlobalMT project. 
The second project, the Global Machine Tools (GlobalMT) project was considerably 
more complex. Funded over two years by a $50,802 grant from the Commonwealth 
government’s Committee for University Teaching and Staff Development,82 it was to 
provide off-campus students flexible access through their home or work-based 
computer, to a computer-controlled manufacturing machine, such as the lathe or a 
milling machine within the school's flexible manufacturing facility (FMS). The 
candidate was team leader. 
 
At that time the candidate was Discipline Leader for Manufacturing and 
Management within the school and aware that off-campus students in the 
introductory study unit Flexible Manufacturing were required to develop numerical 
control (NC) programs from theory without the opportunity to gain timely authentic 
feedback.  
 
Further, for a more advanced manufacturing unit Computer Aided Design and 
Manufacture being prepared for off-campus delivery, it was planned to loan the off-
campus students the CAD and NC programming software to use at home. However 
for a full awareness of the implications of their designs and to gain detailed practical 
knowledge of the process, students need to see their programs running on machine 
tools.  
 
                                                 
82 CUTSD was the successor to CAUT. 
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On-campus workshops are considered essential at this level to enable the students to 
see the implications of their program specifications (including for example the 
effects of choice of cutter speed and feed, material selection, etc.)  These on-campus 
workshops are expensive for interstate off-campus students and the timing also 
cannot optimally support the teaching process. 
 
8.2.3.4.1 Project details 
A schematic of the school’s flexible manufacturing cell is shown in Figure 8.3 
Denford Flexible Manufacturing Cell.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.3 Denford 
Flexible Manufacturing Cell 
(Diagram provided by Denford Limited, UK.) 
 
The project first focused on the two-axis Mirac lathe, which is used in the second 
year study unit Flexible Manufacturing, but all hardware developments were 
mirrored on the two and a half axis Triac milling machine to enable easy future 
development. Internet based remote control was initially achieved via a serial link 
from a separate computer programmed to imitate the machine tools' operating keypad 
(Ferguson 1997). Video signals of the simulation were encoded from a digital camera 
directed at the machine tools' monitor. However this proved inefficient and produced 
a low quality image. 
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To improve image quality the original 80386 processors used as the machine tool 
controllers were replaced with Pentium II processors and integrated directly into the 
School's LAN. This enabled web server capabilities on the machine tools themselves, 
and the direct encoding and transmission of the machine tool controllers' cutting path 
simulator video signal over the Internet.  
  
Two video cameras were installed to view the actual cutting operations in each 
machine tool and a further video camera provided an overview of the FMS facility. 
To avoid swarf or coolant damage the lathe camera was mounted on a boom outside 
the sliding glass safety door. The milling machine camera was able to be mounted 
inside the safety door out of range of coolant and swarf (Ferguson and Florence 
1999).    
. 
 
Figure 8.4 The Booking System Page 
 
In the FLOW project it had been noted that many students were not aware that the 
equipment was real and live. This creates danger in that these students do not realise 
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that real consequences attend their actions, so to deliver a greater sense of realism to 
the students ambient sounds during the cutting process were captured via 
microphones placed in each machine tool out of range of coolant and swarf. 
 
As only one person can run a simulation or control the machine tool at any given 
time an on-line booking system was created for the GlobalMT project and adapted 
for the FLOW project. (See Figure 8.4 The Booking System Page.) This enables the 
remotely based student to book exclusive use of the machine tool at a time optimally 
suited to the learning process 
 
8.2.3.4.2 Remote operation in use  
Subject to booking availability, the student can access the cutting path simulator as 
frequently as (s)he wishes to further support the development of the NC program and 
the learning process. The simulator displays the student’s NC program on one side of 
the screen and highlights the program line as the cutting simulation progresses. (See 
Figure 8.5 Cutting Path Simulations.) 
 
 
Figure 8.5 Cutting Path Simulations. 
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Before the part is machined, the lecturer checks the student’s program to provide 
personal educational feedback and verify that the program will not damage the 
machine tool. For this the student sends the program as an email attachment to the 
lecturer. If the lecturer is satisfied that the program will not harm the machine tool he 
gives the student his approval to download the program. (To prevent a tampered 
program from being downloaded to the machine tool, the lecturer sends a copy of the 
approved program to the machine tool’s computer where it is used to verify the part 
program as the student downloads.)   
 
The student then makes a further booking to upload the program and watch (and 
hear) the machining of the part (s)he has designed and programmed. (See Figure 8.6 
Lathe Machining Operation.) As the student is not physically present in the FMS 
laboratory during the remote machining operation, there are no personal injury safety 
considerations. Therefore a lecturer or supervisor is not required to be present when 
the machine is being operated remotely.  
  
 
Figure 8.6 Lathe Machining Operation 
8.2.3.4.3 Feedback from users 
The remote CNC lathe machining part of the project was trialled using a small 
number of off-campus students and other volunteers to evaluate the system. Users 
were asked their level of satisfaction with the ‘Education Value’, ‘Instructional 
Design’, ‘Usability’ aspects, and their ‘General Perception’ of the project. They were 
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also invited to comment on what they consider to be the advantage of this project and 
to provide suggestion for improvement. The feedback showed that users generally 
felt that this remotely operated practical program: 
• enhanced their understanding of the general function of G & M code 
programming language; 
• enhanced their awareness of the overall sequence of computer based 
manufacturing from basic concept to production of the component;  
• had given them practical experience that enhanced their learning. 
 
They also agreed that the 
• information presented on screen was in a logical sequence; 
• information presented on each screen was the right amount; 
• screen design was of high quality (text, graphics, and colour worked effectively 
together);  
• the video image was of good quality. 
 
With regard to the usability of the project, users agreed that 
• it was easy to log-in the Web site and the booking system; 
• enough information had been given to enable them to have control over the 
learning process; 
• it was reasonably fast to download data including text and images; 
• it was easy to navigate through the Web site. 
Most considered it had provided an enjoyable learning experience and they had a 
feeling of being in control of the actual equipment while going through the program.  
          (Wong et al, 1999) 
8.2.3.4.4 Robustness 
The most significant problem with the facility was its lack of robustness. Frequent 
technical complications caused considerable delays to the project. The high 
complexity of the system makes it vulnerable to a range of factors such as associated 
computer networks going down or supporting systems failing (e.g. the compressed 
air supply being switched off by mistake). However the major source of system 
crashes was the Java software. This experience is confirmed by Trevelyan (2002):  
‘the tele-robot project taught us that complex Java applications (particularly in running 
browsers) do not provide long term performance reliability: crashes and mysterious side effects 
are commonly reported by users.’  
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Lack of system robustness has serious implications: 
• It can impact on student confidence; 
• It compromises the educational effectiveness in providing practical 
reinforcement of the knowledge base; 
• It results in high (unsustainable) maintenance and operating costs; and  
• Prolonged down time can compromise the teaching program. 
 
At that stage of development there was also the issue that the work pieces had to be 
changed by hand. A technician was automatically notified by email and audibly from 
his computer speakers when a component has been machined. Apart from the time 
and inconvenience for the technical staff member, this also restricted student access 
to normal working hours. After careful consideration this facility was not 
incorporated in the teaching program. The less complex FLOW facility (which also 
used Java programming) continued for several years with the support of a school 
financed part time programmer. 
 
Trevelyan (2002) investigated the outcomes of the globally small number of pioneer 
online laboratories developed up to the year 2000 (the pace of development slowed 
since then) to discover that the only site to operate continuously throughout this 
period was his own tele-robot site. High installation, operational and maintenance 
costs, complexity were amongst the underlying causes (ibid) However in his paper 
he proposes that robustness and ease of programming can be vastly improved by 
changing from Java to LabView software.   
 
There are tremendous educational advantages in being able to provide authentic 
laboratory experiences to distance education students through the Internet and the 
availability of easy to use and robust software should enable the pace of this 
development to recover. However the discovery in the FLOW experiments that to 
many students the equipment appeared to be a computer simulation suggests that 
careful case by case consideration should be given to whether CAL or other 
educational technologies could deliver similar educational outcomes without the 
attendant high installation, maintenance and operating costs. 
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8.2.3.4.5 Publicity 
The GlobalMT project gained considerable media attention. It was featured in 
articles in the national and local press (Thorpe 1999; Oliver 1999), in Campus 
Review (26 May – 1 June, 1999) ‘Distance engineers take a step closer with online 
equipment operation’ and in the Australasian Association for Engineering Education 
Newsletter (September 1999) ‘Internet access to computer-controlled machine tools - 
the GlobalMT project’. It was also the subject of three conference papers (Ferguson 
1997; Ferguson and Florance 1999; Wong et al. 1999).  
8.2.4 Team Skills 
Team skills are amongst the most significant role attributes shown in Table 6.2. They 
are considered essential in most roles for both stage 1 and stage 2 engineers. Most 
graduates were considered to have significant to excellent team skills, reflecting a 
considerable focus on this attribute both at secondary level and in most engineering 
undergraduate programs. However communication facilities have restricted the 
inclusion of distance education students in team skill development activities. 
 
The advent of e-learning with whiteboard facilities coincided with the introduction of 
the fourth level unit Design of Mechanical Systems. In this unit advantage was taken 
of the geographic dispersion of our off-campus students to simulate the Global aspect 
of engineering by forming groups with equal proportions of on and off campus 
students to develop group engineering design projects through regular on-line 
meetings which use (predominantly) the e-learning system. The unit began with 
small student numbers providing an ideal opportunity to develop this concept. A 
structured approach83 to mechanical design is presented in the study guide leading 
from identifying the problems to be addressed, through to the final designs. Their 
interim and final group reports must reflect this structure approach.  
 
Initially there were three significant problems in this teaching approach: the 
excessive time taken for the groups to self-select their members; the instability if the 
chat facility of the e-learning system; and the ‘disappearance’ of some students. The 
problem of slow group formation was solved by simply forming the groups 
                                                 
83 A role respondent for Defence Private Contractors indicated that they use a similar structured 
approach to design but that his graduate engineers had not been exposed to that approach at 
university.  
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alphabetically. (Few people get to choose their work colleagues.) To minimise the 
impact of e-learning system instability, students set up their own Internet chat rooms 
as a back up. The third problem was minimised by encouraging students to provide 
their telephone and email contact details to the group.  
8.3 Summary 
This chapter has outlined the candidate’s own work in addressing the impediments to 
attribute development inherent in mechanical engineering education by distance 
learning.  
 
The School of Engineering and Technology at Deakin University was the first in 
Australia to offer complete engineering courses by distance education, but the 
practical and experimental nature of engineering presented distinct problems. The 
main concerns related to the delivery of the physical demonstrations of concepts 
normally delivered in class demonstrations, and the difficulty of reinforcing theory 
through laboratory practice when the laboratory work was to be completed in on-
campus laboratory workshop usually many months later. The attribute focus 
introduced by the IEAust in late 1990s raised further concerns relating to distance 
education such as the delivery of team skills. 
 
A wide range of rapidly evolving technologies is available to address these concerns 
and it is essential to carefully consider the appropriateness of each technology to 
each application. Recent developments in e-learning are changing the face of higher 
education for both proximal and distance education students and further depolarising 
these two forms of higher education delivery. The availability of improved software 
is set to facilitate easier development of online laboratories whereas software 
development in the early 90s led to the main breakthrough in CAL program 
development.  
 
This chapter has detailed the candidate’s use of video, CAL, home experiments, 
Internet based laboratory experiments and e-learning to support deep learning 
through the physical demonstrations of concepts and reinforcement through 
laboratory experimentation and also the development of team and leadership skills. 
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Although much of this work is focused on addressing distance education issues it has 
also provided educational benefits for proximal students. 
Chapter Nine Food Industry Engineering Course Case Study 225  
 
9 - Food Industry Engineering Course Case 
Study 
—————————————————————————– 
9.1 Introduction 
The defining mechanical engineering attribute is the knowledge base. The research 
presented in Chapter 6 established that for most roles at least one of the traditional 
mechanical engineering bodies of knowledge is essential for the stage 2 engineer. 
However the contemporary mechanical engineering curriculum is largely an Anglo-
American development of the model created by Thurston in the US during the late 
19th century as described in chapter 2. Whilst the mechanical engineering attribute 
study considered the relevance of the contemporary curriculum in very broad terms, 
this chapter provides an observation of curriculum relevance from the perspective of 
one industry sector, Food, Beverage and Pharmaceuticals84, to provide an indicator 
of the relevance of the content base of contemporary Australian mechanical (and 
chemical and electrical) engineering degree programs to a major Australian industry. 
In terms of value added, as shown in Table 3-4, the Food, Beverage and Tobacco 
sector is the most significant sector of the Australian manufacturing industry but is 
much less significant in the US and Britain. Table A4.1 also shows the proportion of 
mechanical engineers engaged in this industry in the US and UK is less than one 
third of that in Australia.  
 
This case study was associated with a feasibility study into the development and 
provision of a food industry engineering distance education based course. Based on 
the principle that significant learning takes place when the subject matter is of direct 
interest to the student, the premise was that desired professional engineering 
competencies can be better developed through a course focused on the requirements 
of the chosen career and the industry that the student proposes to enter. For mature 
age students, this would be the industry in which they are already employed.  
 
                                                 
84 Whilst the Australian Bureau of Statistics groups ‘Food Beverage and Tobacco’, this research used 
the more natural grouping of ‘Food, Beverage and Pharmaceuticals’.   
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It was intended that a food industry engineering course would be developed under 
the Universal Program Structure, a new concept generic course structure created by 
Professor Brian Lloyd and approved by the IEAust. The Universal Program Structure 
provided a framework in which new BE programs primarily composed of study units 
from existing IEAust approved courses, and meeting standard IEAust course 
structure requirements would automatically be granted IEAust accreditation for that 
accreditation period (1998-2003). Although both studies were planned at the same 
time, most interviews for this study took place in the year 2000; several years prior to 
the attribute study.  
 
The selection of a food industry study was prompted by the following factors:  
• Food processing was identified by the previous Victorian state government as 
having the greatest growth potential for the state.  
• Most of the top ten export earners for the state were food industry sectors. 
• The Australian Bureau of Statistics shows food, beverage and tobacco to be 
the best performing Australian manufacturing industry subdivision in terms 
of industry value added. 
• Of the first manufacturing technology graduates of the School of Engineering 
and Technology approximately one third were recruited into the food 
industry85.  
9.2 Industry Background 
The export of processed food and beverages, Australia’s largest manufacturing sector 
by TMIVA, reached approximately 23% of Australia’s manufactured exports in 
1997/8 (McKean 1999, p12). Table 3-4 presents ABS figures for tax year 1999-2000 
showing exports to be close to $A11 billion86, a rise of 18% over the previous year. 
Minimally processed meat contributes the most to export earnings followed by the 
dairy industry. Strong export growth during September 97 - September 98 was 
notable in the fat and oil industries with 57.9%, followed by 44.8% in the wine sector 
                                                 
85 As Discipline Leader, Manufacturing and Design at that time, the candidate found this curious as, 
similar to most manufacturing engineering courses in all three nations, the relevance of the school’s 
manufacturing course to the food industry seemed minor. 
 
86 There is some variation in available statistics as this is less than the $A11.4 billion processed foods 
and beverages exports in 1998 claimed by the Australian Food and Grocery Council (McKean 1999,  
p21)   
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(McKean 1999, p12). Much of this strong export growth is driven by a rapid growth 
in food imports by Asian countries. 
 
Total sales turnover for Australian processed food in the financial year 2000-1 
(approximately the time of this study) was estimated at $55.3 billion: 22% of the 
total Australian manufacturing sector turnover (Smith and Jahan 2003, p.5). This 
represented a growth of 11% in real terms over the previous 5 years (ibid.). In the 
same period Australian food industry employment fell nearly 6% from 165,000 to 
155,000 (Connell cited ibid. p.9) as a result of the significant productivity gains 
necessary for survival in an increasingly competitive market. 
 
This overall fall in employment in the food industry conceals the extreme 
employment volatility between sectors over this relatively short period. The most 
significant losses were in the two largest employment sectors: over 12,250 in the 
bakery product industries (-33.6%) and over 7,800 in (red) meat processing (-
30.6%). The most significant increases were nearly 6,200 in wine manufacture 
(74.4%), nearly 4,400 in ‘other food’ (24.9%), over 1740 in fruit and vegetable 
manufacture (21.7%) and over 1070 in dairy processing (7.7%).  There had also been 
a notable shift in food processing employment between the states as between the 
1996 and 2001 censuses Victoria overtook NSW to become Australia’s largest food 
processing employer, and South Australia also made major gains (Smith and Jahan 
2003, p.11). 
  
A positive factor for the employment of professional mechanical engineers in the 
food industry is that historically capital expenditure is consistently greater in the 
food industry than the average for the manufacturing sector as a whole. In the 
financial year 1997/8 $2.4 billion in new private capital investment was made in the 
food industry. In addition $227 million was invested in research and development, 
mainly in the development of new products and processes (McKean 1999, p.15). 
However a disturbing discovery of this study was that two major US owned food 
processing companies operating in Australia were relocating their Australian 
research operations to the US, contrasting with developments taking place in the car 
industry.  
 
Chapter Nine Food Industry Engineering Course Case Study 228  
 
There are several thousand companies in the food industry but in 1997/98 Australia’s 
20 largest companies accounted for almost 50% of turnover (ibid.). The study 
participants for a number of food industry sectors indicated that the food industry 
generally did not employ large numbers of in-house engineers but tended to use 
contractors, suppliers (e.g. food equipment manufacturers) and engineering 
participants to carry out the detailed engineering for them. However to competently 
oversee engineering operations, the in-house engineers must have well developed 
engineering knowledge and skills and these form the main thrust of this study. Other 
supporting industries include suppliers of packaging materials, ingredient and food 
additives.  
9.3 Method of Enquiry 
There is a unique precedent of an extensive engineering course content ‘sample’ 
survey with an extremely high response rate. That survey involved all members of 
the newly chartered IChemE to enable the design of a new chemical engineering 
course (Johnstone 1961).  
 
Nevertheless it is unrealistic to assume this exceptional precedent could be replicated 
in this study, so a similar case study approach to the Attribute study described in 
Chapter 6 was used.  The survey instrument is shown in Appendix B1. In this study 
the interviews were predominantly face-to-face with engineering managers in 
selected major companies of the selected food industry sectors.  
 
The analysis presented in this chapter uses ABS food industry groupings for 
compatibility with available ABS figures and with the exception of tobacco involves 
every ABS Food Beverage and Tobacco industry category. As discussed above, 
significant use is made of consulting engineers and specialist manufacturers of food 
manufacturing equipment. Whilst a major Australian food equipment manufacturer 
was added to the study, consulting engineers were not. Initial discussion with a 
potential study participant of a selected consulting engineering company widely used 
by food manufacturing companies revealed that the company would recruit engineers 
with the flexibility to practice across a wide range of industries rather than an 
engineer that specialised in one industry.  
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Sectors within the ABS categories not included in the study were the poultry, bread, 
soft drinks, spirits, tea, coffee, ingredients and additive, and sugar sectors: 
• The poultry sector of the Meat and Meat Products category shares many of 
the process operations of the Red Meat sector. Although  the Meat and Meat 
Products category is the largest sector by turnover and employment, it should 
be noted (from the weighting analysis shown in Appendix eB2) that this 
category has a very low percentage of food industry professional engineers  
• Investigations into a suitable study participant for the bread sector of the 
‘Flour Milling and Cereal Foods’ category led to the discovery that there are 
no professional engineers currently employed in that sector. The chief 
engineer of the selected bread manufacturer was not a professional engineer 
but referred the candidate to his predecessor (now retired) who believed he 
had been the only professional engineer in that sector.  
• Within the Beverages and Malt category the soft drink and spirits sectors both 
had relatively low turnover figures compared with other sectors and had 
shown significant decline in turnover (McKean 1999, p.13). Nescafe and 
Harris, both based in Sydney, shared 79.5% of the total turnover for tea and 
coffee in Australia. Although turnover for the Nescafe division of Nestles 
was not available, the annual turnover for Harris was only $80million 
indicating that the tea and coffee sector of ‘Beverages and Malt’ was 
relatively small compared with the sectors of this category included in the 
study.  
• The Ingredients and Additive Suppliers sector of the Other Foods category 
almost exclusively comprises very small companies and the majority are just 
importers. Of the few who do manufacture, most are too small to justify 
employment of professional engineers. In the same food category, the sugar 
industry (as a food sector) is an industry in decline87. 
 
Company selection focused primarily on those in the each sector with high turnover 
and/or employment in the sector. As interviews in this study were intended to be 
face-to-face a Victorian location was also a major consideration. Contemporary 
                                                 
87 To counter the devastating economic impact of this decline, Australian Cane Growers are 
promoting the controversial use of sugar cane derived Ethanol blended with petrol as an alternative 
vehicle fuel.  
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editions of Kompass Australia (2001) were used in the selection process. Initially the 
Victorian committee of the Australian Food Engineering Association (AFEA) 
provided contacts with senior engineers and engineering managers for many of the 
selected companies. Contacts for other selected companies were provided through 
some of the initial contacts, indicating both a high level of involvement of senior 
engineers and managers with AFEA and a high level of networking amongst senior 
engineering managers in this industry.  
 
The food industry focused course content survey instrument presented in Appendix 
B1 ‘Food Industry Engineering Course Study’ was developed from discussions with 
a senior food science academic, a variety of people within the food industry, and 
particularly from an extensive open discussion that developed at an AFEA graduate 
careers forum. The survey instrument covered the sixty one subject topics listed in 
Table 9.1 Body of Knowledge for Food Industry Engineers to attempt to define the 
knowledge base. The fields of expertise covered Food Science, Engineering, 
Mathematics, General Science, Management and Information Sources. Study 
participants added further fields of expertise to every group except Food Science. 
 
The study covered 33 food industry engineering roles over 10 main food industry 
sectors covering 19 sub sectors. Following the selection of the study participants the 
survey methodology was identical to that used in the attribute study except that in 
this study nearly all of the interviews were face-to-face. After an appointment was 
arranged, the Deakin University Ethics Committee approved plain language 
statement was faxed to the respondent. Where a telephone interview was used, the 
survey instrument was also faxed to the respondent.  
 
During the interview each respondent was first asked to read the response block 
definition of terms applicable to this study (to minimise measurement error) and was 
then asked to assess the significance of each knowledge based attribute to the 
execution of the role as required of a Stage 1 engineer and of a Stage 2 engineer and 
to assess the average ability of recent graduates in that attribute. The same five point 
Likert scales, numerical ratings and response block definition of terms were used. As 
no company or respondent declined to take part in the study the non-response error 
was zero. 
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Table 9.1 Body of Knowledge for Food Industry Engineers 
FOOD SCIENCE  
Biological and Physical Properties of Food; Food Storage and Preservation; Hazard Analysis and 
Critical; Control Points (HACCP); Sterilisation Techniques; Sensory Evaluation; Laboratory Skills; 
Hygiene and Sanitation; Occupational Health and Safety 
ENGINEERING  
Materials Handling Equipment; Materials Handling Systems; Process Equipment; Packaging 
Equipment; Plant Design; Machine Dynamics; Force Analysis and Strength of Materials; Properties 
of (Engineering) Materials; Pump and Pipeline Systems; Pumps other than Centrifugal; Rheology; 
Non-Newtonian Fluids; Pneumatics; Air-conditioning; Refrigeration; Heat Transfer; Heat and Mass 
Balances; Thermodynamic Processes and Properties; Heat Recovery; Waste Handling and Treatment; 
Industrial Pollution Control; Quality Control; Quality Failure Investigation; Preventive Maintenance; 
Plant Failure Investigation/Commissioning; Control Systems; Programmable Logic Controllers; 
Computer-Aided Design and Drafting; Process and Instrument Diagrams/ Schematics; 
International/Australian Engineering Drawing Conventions; Other. 
MATHEMATICS 
Statistics; Geometry; Algebra; Calculus; Matrices; Vectors; Complex Numbers; Other 
SCIENCE 
Organic Chemistry; Inorganic Chemistry; Microbiology; Biochemistry; Physics; Other. 
MANAGEMENT 
Project Management/Project Engineering; Contract Administration: Industrial Relations; Human 
Resource Management; Budgeting and Budget Control; Risk Assessment; Other. 
INFORMATION SOURCES 
Library; Australian/International Standards; Networking; Internet; In-house Resources; Other. 
 
9.4 Results 
Collated results are presented numerically and graphically in the Microsoft Excel 
spreadsheet (Results tab) in Appendix eB2 ‘Survey Results for Food Industry 
Engineering Course Study’ on the attached self-loading CD.  
 
Weightings relating to assessments of the relative numbers of mechanical engineers 
in those roles across each sub-industry (Weightings tab) are used to determine role 
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weighted averages and variances of the significance of each course content topic area 
for both Stage1 and Stage 2 engineers and of the assessments of new graduate 
abilities. It can be seen that three industry sub-sectors are projected to employ over 
57% of the engineers covered by this study: Pharmaceuticals (27.98%); Cakes and 
Pastries (16.22%); and Food Equipment Manufacturing (13.42).  
 
The tabulation shows most companies in the study employ relatively few engineers 
so few study participants had sufficient recent graduates to enable them to provide 
reliable evaluations of graduate abilities. This is reflected in the high proportion of 
blank responses for graduate abilities. Therefore figures for graduate abilities should 
be treated warily.       
 
Bar charts showing weighted average significance and variance of a number of 
attributes within groups of related attributes can also be accessed from the tabs along 
the bottom of the screen. To enable a perspective overview a chart comparing group 
averages is included in Appendix e2B and the figures are presented in Table 9.2. The 
large group of engineering fields of expertise has been further broken down into 
loosely related sub-groups and detailed comparison of engineering subgroup 
weighted average significance is presented in the engineering subgroups chart in 
Appendix eB2. 
9.4.1 Attribute Analysis 
Table 9.2 presents the average ratings of the grouped fields of expertise weighted 
average significance in descending order of significance for stage 1 and stage 2 
engineers and for new graduate abilities.  
 
Table 9.2 Group averages of the weighted averages 
 New  
Graduate 
Abilities 
Weighted 
Average 
 
Stage 1 
Engineer 
Ratings 
Weighted 
Average 
 
Stage 2  
Engineer 
Ratings 
Weighted 
Average 
 
1 Mathematics 2.90 Management 2.95 Management 3.54 
2 Information 
Sources 
2.00 Information 
Sources 
2.90 Information 
Sources 
3.50 
3 Science 1.90 Engineering 2.74 Engineering 3.02 
4 Engineering 1.89 Mathematics 2.37 Food Science 2.73 
5 Management 1.17 Food Science 2.27 Science 2.58 
6 Food Science 0.96 Science 2.08 Mathematics 2.38 
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Table 9.3 lists fields of expertise with a significance rating of 3 or more within their 
groups and in descending order of the stage 2 engineer significance rating. Within 
the engineering group the subgroups are presented in descending order of stage 2 
engineer engineering subgroup significance rating. 
 
Table 9.3 Significant Attributes by Group 
Groups/Attributes Graduate Stage 1 Stage 2 
Management    
Risk Assessment 1.8 3.58 3.97 
Project Management/ Project Engineering 1.58 3.48 3.97 
Budgeting & Budget Control 1.81 3.46 3.81 
Contract Administration 0.72  3.35 
              ‘Other’88    
Conflict Management/Negotiating Skills (1) - 3.00 4.00 
Team Building/ Leadership/ Communication/ Self- 
Management/  Stewardship (3) 
- 3.00 4.00 
Information Sources    
Networking 1.20 3.35 3.73 
In-house Resources 2.11 3.37 3.61 
Internet 3.64 3.25 3.28 
Australian/ International Standards 2.05 3.08 3.21 
              ‘Other’    
Handouts (3) - 3.15 4.00 
Industry Seminars/ Overseas Exhibitions/ Plant Tours 
(2) 
-  4.00 
Contractors (1) -   4.00 
Engineering    
Engineering Group 1    
Process Equipment 2.30 3.27 3.65 
Materials Handling Equipment 1.94 3.29 3.59 
Packaging 1.27 3.08 3.58 
Plant Design 3.58  3.58 
Materials Handling Systems 1.71 2.99 3.44 
Machine Dynamics 2.16  3.00 
              Engineering Group 4    
Plant Failure Investigation/ Commissioning 0.87 3.01 3.44 
Preventive Maintenance 1.35  3.34 
Quality Control 1.58  3.20 
Waste Handling & Treatment 1.38  3.04 
                                                 
88 ‘Other’ refers to a field of expertise identified by the study consultant during the interview and the 
number in brackets refers to the number of roles for which an assessment was made.    
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Table 9.3 Significant Attributes by Group continued: 
Groups/Attributes Graduate Stage 1 Stage 2 
              Engineering Group 6 (‘Other’)    
Computer Modelling & Simulation  (1) 1.00 4.00 4.00 
HAZOP (1)  -  3.00 3.00 
              Engineering Group 5    
P&ID 2.24 3.37 3.61 
Control Systems 1.85 2.99 3.18 
              Engineering Group 2 (Fluid Dynamics)     
Pumps & Pipeline Systems 2.39 3.34 3.28 
Pumps other than Centrifugal 1.76 3.09 3.24 
              Engineering Group 3 (Thermodynamics)    
Heat Transfer 2.66 3.09 3.30 
Food Science    
Hygiene & Sanitation 1.01 3.19 3.76 
Occupational Health & Safety 1.51 3.29 3.65 
Hazard Analysis and Critical Control Points (HACCP) 0.69  3.60 
Food Storage & Preparation 0.54  3.06 
Science    
             ‘Other’    
Physical Chemistry/ Product Material Science (1) 2.00  3.00 
Validation (1) -  4.00 
Mathematics    
Geometry 3.17 3.28 3.10 
              ‘Other’    
Computer Programming & Boolean Algebra (2) - 3.00 3.00 
Dimensional Analysis (2) - 3.00 4.00 
 
Ratings greater than 3.5 are highlighted in bold. Significance ratings for graduate 
abilities, where known, are given for all significant fields of expertise but critical 
fields of expertise are not identified because of the uncertain accuracy of the 
graduate ability assessments.   
 
Insufficient data is available directly from the study for an accurate breakdown of the 
discipline mix of engineers engaged in the food industry. However Table A1.3 
Adjusted Industry Distribution of Mechanical Engineers estimates 3.6% of 
Australian mechanical engineers to be working in the Food Beverage and Tobacco 
industry. Rice (2001c) estimates an Australian professional engineering labour force 
of 147, 100 during the year 2000 (the main year of the study) of which 19.9% were 
mechanical engineers (ibid.). Thus there were approximately 1050 professional 
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mechanical engineers in the Food Beverage and Tobacco industry at the time of the 
study. 
 
The projected total number of engineers in the sub-industries covered in this study is 
245089 including approximately 1000 in the pharmaceutical and food equipment 
manufacturing sub-industries (which are not part of the Food Beverage and Tobacco 
industry statistics), but does not include the tobacco industry. Nevertheless from 
these figures it would appear that mechanical engineers form 50% or more of the 
professional engineers in the sub-industries covered in this study. It was observed 
during the study that chemical engineers form the other dominant engineering 
discipline. (See also Appendix eB2 - Survey Results tab.)     
9.4.1.1 Management 
Tables 9.2 and 9.3 confirm the significance of Engineering Management as an 
attribute and subject specialism in the attribute study. Project Management/ Project 
Engineering and Budgeting and Budget Control received even higher ratings than in 
the attribute study. Risk Management (not included in the attribute study) was the 
most significant field of expertise for both stage 1 and stage 2 engineers. The ‘other’ 
fields of expertise identified by the study participants relate more accurately to 
attributes than course content and confirm the high significance of team and 
communication skills identified in the attribute study. 
9.4.1.2 Information Sources 
 The previously mentioned high level of networking in this industry was confirmed 
in that this was the most significant information source. It was considered essential 
for a stage 2 engineer in most roles. In-house resources were considered the next 
most essential information source. Study participants also indicated that Handouts, 
Industry Seminars, Overseas Exhibitions, Plant Tours and Contractors have also been 
essential information sources.  
 
 
                                                 
89 As our case studies have been focused on the major food industry companies, these projections are 
likely to be optimistic as in some sectors many manufacturers are too small to justify permanently 
employing an engineer and so contract in expertise when required. 
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9.4.1.3 Engineering 
The substantially higher ratings of engineering fields of expertise in this study when 
compared with the attribute study is mainly because this study used industry focused 
fields of engineering expertise.  
 
Fields of study considered essential for stage 2 engineers in most roles were the most 
directly plant and process related: Process Equipment, Materials Handling 
Equipment, Packaging, Plant Design and Process and Instrumentation Diagrams. 
One study participant added Computer Modelling & Simulation as an essential skill 
across the range of stage 2 engineer roles in his company. 
9.4.1.4 Food Science 
Knowledge of Hygiene and Sanitation, OH&S, HACCP, and Food Storage & 
Preparation were considered essential for all stage 2 engineers. Whilst OH&S was 
considered a Management attribute in the attribute study, in many sub sectors of the 
food industry food science expertise is required to resolve product related OH&S 
issues. However, many study participants emphasised that the availability of food 
technologists meant that level of food science knowledge required was moderate and 
could quickly be assimilated.    
 9.4.1.5 Science 
None of the science subject specialisms in the survey instrument received a weighted 
average rating of significant or more for either stage 1 or stage 2 engineers although 
all  - particularly physics- were considered essential for at least some roles. Study 
participants added Physical Chemistry/Product Materials Science (significant for 
stage 2 engineers) and Validation (essential for stage 2 engineers) to the fields of 
expertise.  
9.4.1.6 Mathematics 
The various branches of mathematics were considered more significant in this single 
industry study than the average over the breadth of industries covered in the attribute 
study. All except Matrices and Complex Numbers were considered essential for both 
stage 1 and stage 2 engineers in a number of roles. However Geometry was the only 
branch that had an overall weighted average rating of significant or better. Study 
participants added Computer Programming and Boolean Algebra (significant for 
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stage 1 and stage 2 engineers) and Dimensional Analysis90 (significant for stage 1 
and essential for stage 2). Two roles were involved in both cases.    
9.4.2 Discussion 
The food industry already Australia’s largest manufacturing sector by TMIVA 
continues to grow through increasing overseas markets, and yet even with above 
average capital expenditure it has relatively few engineers. Most plant is not 
developed in house but mainly purchased ‘off-the-shelf’ from food equipment 
manufacturers both here and overseas. There has also been high employment 
volatility in the industry which emphasises the need for transferable skills.   
 
This study has confirmed the high significance of engineering management expertise 
to Australian mechanical engineering roles. Project Management and Risk 
Assessment were identified as the most significant management skills across the 
industry. However this study noted higher significance in information source skills 
than the main attribute study particularly networking and use of in house resources. 
 
The higher significance of the engineering knowledge base than indicated in the 
attribute study is a result of topic selection to meet the industries needs. The 
engineering fields of expertise listed as most essential are transferable to other 
industries. They are applications of the traditional subject specialisms so in addition 
to providing more industry relevant skills, they can provide a source of ideal 
authentic problems to reinforce the subject specialisms through action learning 
strategies such as problems based learning. Not only can this increase deep learning 
but by showing the relevance of the course work it can reduce student drop out rates 
(Entwistle and Hounsell cited Wilkinson 2001). 
 
 
 
 
 
                                                 
90 Dimensional Analysis is usually taught in Fluid Dynamics as a preliminary to Fluid Modelling. 
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10 - Summary and Discussion 
—————————————————————————– 
10.1 Introduction 
This chapter draws the critical issues of the previous chapters together and discusses 
their findings. The results of the mechanical engineering attributes case study and the 
implications of the outcomes of the food industry study are considered within the 
framework of the historic and contemporary developments continually shaping the 
profession. Course implications and proximal and distance education teaching 
strategies are then discussed.  
10.2 The Historic Context 
10.2.1 Management and communication skills 
Eighteenth and early nineteenth century British engineers carried out works 
pragmatically and within appropriate fiscal constraints. In doing so they 
demonstrated great organisational and entrepreneurial skills. Their roles demanded 
excellent communication skills and the management attributes of planning and 
organisation skills, leadership, project management skills including costing and 
budgeting that feature as highly significant in our attribute study of Chapter 6. 
However, probably their most essential attributes would have been political 
awareness (to muster financial backing for their projects) and entrepreneurship. 
Neither of these attributes reached a significant rating in our study and yet 
entrepreneurship is essential for national prosperity, development and growth 
(Hindle and O’Connor 2005).   
 
There are a number of explanations for the low ranking of entrepreneurship in the 
study compared to the attribute needs of the early mechanical engineers. 
• Early prominent mechanical engineers both in the UK and US were 
predominantly independent operators. They needed entrepreneurial skills and 
political awareness to survive. However this changed towards the end of the 
nineteenth century both in the US (Reynolds 1991a, p.26) and internationally 
with growing numbers being directly employed by large companies. 
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• Our attribute study focused mainly on the larger established91 organisations 
whilst early stage business participation is the key measure of entrepreneurial 
activity ((Hindle and O’Connor 2005).  
• A 2004 Global Entrepreneurship Monitor study of Australian 
entrepreneurship by Hindle and O’Connor (ibid.) indicated a low national 
propensity in the growth and innovation aspects of entrepreneurial activity. 
Their study found a low propensity in all three aspects of innovation studied: 
product/service novelty, competitor differentiation and use of technology. 
They suggest the explanation lies fundamentally in a non-entrepreneurial 
culture and that ‘education and training that is misperceived as 
entrepreneurial education is not even effective… [in] providing basic 
business skills’.  
   
Nevertheless the proportion of Australia’s working age adults involved as owners of 
start-up or young businesses is 13.4% placing her third out of the twenty developed 
nations in the Global Entrepreneurship Monitor (ibid.). Lloyd (2001f) describes a 
paradigm shift in Australian engineering practice leading to uncertainty in 
employment that for most led to a shift in emphasis to entrepreneurial business.  The 
new 2005 IEAust attribute elements of understanding the business environment and 
creativity and innovation are major enablers of entrepreneurship so developing 
teaching strategies to embrace the effective development of entrepreneurial skills 
will integrate and support the development of these attributes.   
10.2.2 Research skills 
Although the great early UK mechanical engineers carried out works of 
unprecedented scale pragmatically and within appropriate fiscal constraints many 
had little or no formal education and often did not fully understand the principles of 
the machines they constructed ((Pullin 1997 p.14; Burstall 1963 p.201). They 
provided practical engineering solutions to recognised needs. This period of 
engineering innovation was as much about continuous improvement and the adoption 
and development of ideas across various industries, as about single great inventions 
(Pullin 1997, p12).  
                                                 
91 One had demonstrated very high growth entrepreneurial activity. It employed a very high 
proportion of mechanical engineers.  
Chapter Ten Summary and Discussion 240  
 
Pullin suggests the ‘British engineering tradition of development through 
experimentation’ played a major part in this success. However in our attribute study 
none of the experimental research skill attributes gained an average weighted rating 
of ‘significant’ although all were essential in several roles. Further, as shown in 
Chapter 3, Australian participation in public and private engineering research is 
abnormally low (Rice and Lloyd 1990, p.68; Rice 2001a, p.149).    
10.2.3 The Mechanical Engineering Knowledge Base 
There are two main theories for the erosion of Britain’s industrial lead to Germany 
and the US in the second half of the 19th century: the sudden economic policy switch 
to ‘small’ government economics at a time her competitors were increasing 
infrastructure spending (Jones 1995); and the lack of theoretical foundation of many 
of her engineers (Pullin 1997, p.14; Engineering Heritage: Highlights from the 
History of Mechanical Engineering 1963, Vol.1, p.1). However Jones (1995, p.12) 
also described engineering progress in Britain at that time as a process of ‘amateurs’ 
responding to recognised deficiencies. It is clear that lack of theoretical foundation 
played a part, the arguments only relate to the degree.  
  
The theoretical foundations of mechanical engineering comprise the various subject 
specialisms grouped in the attribute study as the mechanical engineering knowledge 
base. By taking the weighted average significance of each subject specialism only 
two subject specialisms (Materials Science and Management) were assessed to have 
a ranking of significant or more, yet for most roles at least one was essential to the 
role. Nevertheless a broad engineering knowledge base is essential in most stage 2 
engineer roles and in-depth discipline knowledge is essential for almost half of the 
stage 2 engineer roles. Average graduate ability for the broad engineering knowledge 
base was rated as less than moderate. Subject specialisms with a below moderate 
graduate ability rating – engineering management, production processes, electrical/ 
electronic engineering, and materials science – should be considered critical.  
 
In the analysis in chapter 6 it was noted that whilst a broad based engineering 
education was essential for most Stage 2 engineer roles, graduate ability was rated 
less than moderate. It was also noted that for most roles only a limited number of 
mechanical engineering subject specialisms were rated significant or essential. This 
prompted the question ‘Would a better overall outcome be achieved by an initially 
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broader engineering focus followed by more advanced studies in a limited number of 
subject specialisms?”  
 
The proposed  two cycle Bologna Accord three year bachelor’s / two year master’s 
or four year bachelor’s /one year master’s combinations (Fredriksson 2005; Grayson 
2005) provides an ideal framework. The bachelor’s degree could provide the broad 
general engineering knowledge base. The master’s degree would build on this to 
enable more advanced in-depth knowledge in the graduate’s preferred specialist 
areas. The second cycle could be studied part-time by a hybrid of proximal and 
distance learning when the graduate has commenced his or her mechanical 
engineering career. This would enable the graduate to select a course that features 
the most appropriate advanced subject specialisms for his or her chosen career. The 
observed career relevance would better support deep learning. Interaction with 
graduates practicing in the study topic could also provide feedback to the lecturer on 
the continuing relevance of the study material 
 
At the University of Melbourne a recent Review of the Faculty of Engineering 
(2005) proposed a similar two cycle engineering course framework. The Review  
proposed a basic three year BSc(Eng) degree ‘offering a solid grounding in the 
general principles of Engineering’ followed by a one year or one a half year Master’s 
‘specialist professional qualification’.      
 
The various mathematical specialisms are necessary enablers for most mechanical 
engineering specialisms. Whilst graduate mathematical skills were rated highly in 
relation to the performance of the role, mathematical programs in engineering 
courses need to be carefully developed to meet the mathematical requirements of the 
various mechanical engineering subject specialisms.   
 
A detailed study of the topics and application of the subject specialisms was not part 
of the attribute study. However there is emerging debate in the US on the body of 
knowledge of mechanical engineering. This is led by the ASME Body of Knowledge 
Task Force chaired by Dr W Laity (2004).  
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Whilst recognising that the classical mechanical principles underpin the knowledge 
base the task force suggests that the definition of the profession is changing from 
being a  
• ‘branch of engineering that encompasses the generation and application of 
heat and mechanical power and the production, design and use of machine 
tools’ (Webster’s II New College Dictionary, 2001), to 
• ‘one that addresses societal concerns through analysis, design and 
manufacture of systems at all size scales’ (Akay 2003) 
 
Laity (n.d.) illustrates this with the examples of the profession’s involvement in 
nanotechnology and applications of mechanical engineering to research on protein 
dynamics entailing solid mechanics of slender structures, fluid mechanics, 
thermodynamics and control theory.  
 
Thus, whilst outside of the scope of the attribute study, the changing detailed body of 
knowledge within these subject specialisms must also be part of engineering program 
development. The acquisition of continuing feedback on content and application 
from the industries the profession serves, and an awareness of the developments in 
research that provide a key to the future directions of the profession becomes of 
mounting importance.  
10.3 The Anglo American Impact 
In Chapter 2 the strong continuing influence of the UK and US on the educational 
and professional practice formation of Australian mechanical engineers was 
described. Yet continuing differences in the professional mechanical engineering 
employment environment are recognised.  
10.3.1 Comparative employment environments  
As part of the attribute study the mechanical engineering industry employment 
profiles of the US, UK and Australia were assessed and compared. This study is 
presented in Appendix A4. Table and Figure A4.3 show considerable differences in 
the major employment categories. Manufacturing is the largest single category in all 
three countries but the proportions of mechanical engineers employed in that sector 
range from 63% in the US to 41% in Australia. Other significant differences include 
Chapter Ten Summary and Discussion 243  
 
10.4% of Australian mechanical engineers employed in mining compared to only 
0.15% of US mechanical engineers. A significantly higher proportion of Australian 
mechanical engineers in the Electricity and Gas supply industry is also shown in the 
more detailed Table A4.1.   
  
Yet these significant differences in industrial profile do not show the full picture. As 
well as the abnormally low Australian engineering research activity, Lloyd and Rice 
(1986, pp 82-3) showed that Australian professional engineering employment density 
relative to other employees in the manufacturing sector was only about 25% of that 
in the US and that the US ratio could be safely assumed to be broadly similar in 
France, West Germany and the UK. In addition, a 1985 (Australian) Bureau of 
Labour Market Research (BLMR) Report (cited ibid. p.108) indicated ‘a high 
proportion’ of mechanical engineers (sic) with ‘no formal qualifications’. 
10.3.2 The evolving profession – attribute implications  
Significant US developments that have impacted globally on the nature of the 
profession include: 
• The production revolution driven by Taylor’s scientific management 
movement focused on cost effective manufacture with reduced need for 
skilled labour. Associated with this development are Henry Ford’s assembly 
line methods and the principle of interchangeable parts.  
• The realignment of the profession to a much greater research focus as a result 
of Cold War research spending on space and defence programs. 
• Deming’s management philosophy. 
 
The impact of developments associated with the production revolution was 
momentous not only for manufacturing engineers but also for mechanical design 
engineers – as well as for US economic growth!  However globalisation has now 
resulted in the manufacture of many mass produced products previously produced by 
developed nations moving to the developing nations to utilise cheap unskilled labour.  
 
To survive, the developed nations have embraced the ‘Information Revolution’ 
(Jones 1995, p.12) where the focus is on pure and applied research resulting in major 
achievements in diverse fields. They provide the innovations and business products 
fundamental for the continuing growth of developed nations. The realignment of the 
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profession to a much greater research focus is important for its future, but as 
previously discussed, Australia’s participation in engineering research and 
propensity to innovate remain low.   
 
A further strategy for survival in the developed nations is the ‘quality revolution’. 
Unable to compete on price with mass produced goods from the developing nations 
manufacturers in the developed nations have looked to ‘product differential’, 
focusing on quality and innovative design. Deming’s management philosophies, so 
significant to Japans industrial success, are the drivers of the ‘quality revolution’ in 
the West. Crucial to the Deming approach is the attribute of ‘team skills’ which was 
assessed as essential in most roles at both Stage 1 and Stage 2 level. Although 
graduate abilities were also rated better than significant it is important to continue to 
develop these attributes as effectively as possible. Other enabling attributes include 
market research and the mathematical skill of statistics.  Graduate abilities were rated 
below moderate for both. 
 
Product differential through innovative design demands the attributes of creativity 
and innovation. Neither were rated significant overall, but both were assessed 
essential in some roles. Traditional engineering education has focussed almost 
entirely on the analysis end of the design process. Nevertheless graduate ability was 
assessed as slightly better than moderate for both. 
 
Developments that affect mechanical engineers around the world include: 
• The international expansion of the scope of the profession, particularly in 
applied and pure research;  
• The global explosion of technology and management science creating a need 
for greater specialism within the profession and dramatically changing the 
attributes92 needed;  
• Momentous changes in the professional work environment over the past few 
decades including major structural changes to organisations, mounting 
societal expectations and expanding responsibilities. 
Nevertheless the rapidly changing global environment also requires engineers to 
have the flexibility to adapt to new industries, technologies and paradigm change 
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during their careers. The biggest employers of Australian mechanical engineers in 
most industry sectors are multinational companies and progressively more Australian 
engineers spend at least part of their professional life working overseas.  
10.4 Educational Implications 
The approach of simply adding new content to address additional attribute 
requirements could compromise further the traditional knowledge base and analytical 
skills. Similar dangers to that of engaging non-engineers in engineering work could 
result. As stated in the official report of the 1974 Flixborough disaster: ‘they (do) not 
know what they (do) not know’ (Vasisilakis 2000). To reduce these dangers a key 
attribute of any mechanical engineer must be to recognise the boundaries of his/her 
knowledge and expertise. By providing a broader concept focused mechanical 
engineering knowledge base as the first part of a two cycle process the engineer 
should be better equipped to recognise where analysis is required. The use of action 
learning using multi-disciplinary integrative authentic problems in the program is 
one strategy that should further support this recognition. This is a particular strength 
of the CDIO Initiative referred to in Chapter 5. The more advanced studies should 
increase the availability of high level specialist expertise to complement the 
knowledge breadth (Ferguson 1998).  
 
But is this at the cost of career flexibility?  From the attribute study we can see that 
for most roles only a few mechanical engineering subject specialisms are significant 
or essential. It is clear that for most roles graduates would only have opportunity to 
practice in a few areas of subject specialism and so would lose expertise in the other 
subject specialisms. Engineers formed by either process would have foundation skills 
on which to develop new advanced knowledge required for a career change.   
 
To efficiently develop these attributes without significantly compromising the 
essential mechanical engineering knowledge base and associated skills of analysis, it 
is essential to use an effective and efficient approach to educational delivery 
designed to deliver an appropriate attribute profile. Whilst the attribute study 
analysis has identified attribute ratings across common roles in the six industries 
found to employ the greatest number of Australian mechanical engineers, the role 
387387 
92 Computer aided engineering is but one example. 
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weightings on the excel spreadsheets can be varied to suit a school’s mission. 
Consideration should also be given to the delivery of attributes such as 
entrepreneurial skills, creativity and innovation which may not be rated as significant 
to the role but should enable the student to develop business opportunities and 
provide employment opportunities for others. 
 
The plan for the delivery of course attributes must involve all academics associated 
with course delivery to determine the most appropriate mix of subject specialisms to 
use in delivering each attribute and to consider the most appropriate mix of teaching 
and assessment strategies to deliver the required learning outcomes and attribute 
development.   
 
For most students, assessment drives learning and acquisition of appropriate 
attributes. Chapters 5 and 6 present a range of proximal teaching and assessment 
strategies appropriate for the various attributes discussed. Appropriate and 
considered use of a wide range of strategies should aim to maintain student 
engagement and deep learning. Students have different learning styles (Kolb 1984) 
and the use of a variety of teaching strategies best facilitates learning for all.       
 
As discussed in Chapter 5, high student work load leads to extrinsic learning and 
encourages a surface learning approach. However, as demonstrated in the Chapter 5 
case study, skill development requires practice. The close correlation of assignment 
to examination marks largely reflected poor examination performance by those who 
failed to complete assignments designed to provide practice in analytical problem 
solving. Nevertheless these skills must be founded on sound conceptual knowledge 
and the selection of the most appropriate and efficient strategies and technologies can 
best support the student to more easily gain a sounder grasp of the concepts.     
10.4.1 Attrition  
As discussed in Chapter 3, Australia has long been unable to attract enough 
engineering students to meet her industrial needs and this is exacerbated by the 
characteristically higher attrition rates for science maths and engineering courses. 
Each student has their own individual reasons for dropping out but numerous 
researchers have investigated and attempted to categorise them. Entwistle and 
Hounsell (1989) following their study of the performance of Scottish electrical 
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engineering students report two reasons: the students do not see the relevance of the 
course work or they are not interested in the basic engineering skills inculcated in the 
first year. Kolari and Savander-Ranne (2002) suggest the reasons are lack of 
technical capabilities; lack of motivation; or lack of self-esteem when tackling 
engineering and science subjects. 
 
Categorised reasons can only lead to categorised responses. Each case requires an 
academic to be able to communicate on an individual basis with the student before an 
appropriate approach can be determined. Kolari and Savander-Ranne (ibid.) point out 
that in the university recruitment of teaching staff no teacher training or 
qualifications are required and thus an inexperienced lecturer may not have the 
teaching strategies appropriate to that persons learning style.  
 
General teaching strategies to minimise drop out rates and could include: 
• Action based learning using authentic problems to improve motivation and 
demonstrate content relevance.  
• Using a variety of teaching and assessment strategies to address a wide range 
of learning styles 
• Select from the most appropriate learning technologies and teaching styles to 
best develop the conceptual knowledge 
• Identify common failings in prerequisite knowledge and find appropriate 
teaching strategies to deliver. (See case study in Chapter 5) 
10.5 Distance Education 
The challenges of addressing the problems inherent in distance education delivery of 
the concepts and practical content of an engineering course were considerable with 
the technologies available in the early 1990s. The expanding range of enabling 
technologies and electronic course material now developed to support the distance 
education of engineers are discussed in Chapters 7 and 8. 
 
CAL and Video are used to deliver concepts and laboratory experiments to distance 
students and contribute to the on-campus programs. The vast libraries of educational 
videos are a considerable resource for both on and off-campus teaching.   
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The Deakin University School of Engineering and Technology has used the Internet 
to deliver real time authentic laboratory experiments and facilitated the programming 
and real time control of an NC machine tool from the student’s home computer. 
However program instability and the need for high maintenance closed them down. 
Globally others that followed our lead also closed down for the same reasons. It is 
hoped that better program stability will result and return confidence to this 
development. 
 
E-learning has been used to develop team skills in mechanical design and other 
attributes such as creativity and documentation. Video conferencing has been used to 
deliver classes to groups at remote industry locations. Desktop video and audio e-
learning could be used to deliver interactive desk top video linked classes directly 
into the student’s homes anywhere in the world!  
 
There is now also the direct audio and video recording of lectures to either be 
available to the student to down load or to be mailed out as a DVD. 
 
Many of the early projects were ‘lighthouse’ projects. They were achieved to show 
what could be done and investigate their learning potential but the resources 
involved in developing them and updating them have restricted the widespread use of 
these technologies throughout the courses.  Greater sharing of these resources 
between institutions would significantly contribute to the educational programs of all 
institutions and make the creation and maintenance of the resources more cost 
effective.   
10.6 Discussion 
10.6.1 A global focus 
Some may argue engineering educators should prepare engineers for the globalized 
world and thus the argument of whether engineers are better prepared for US or UK 
conditions rather than Australian conditions would be irrelevant. But there is also an 
argument for diversity. If the education of large numbers of engineer migrants has 
been focused on  the distinctive needs of their own countries, better diversity as well 
as an enhanced  ability for our graduates to contribute early to their employers 
engineering requirements (and thus improved employability) is achieved by 
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developing programs to suit Australian conditions. Of even greater significance, a 
program that is seen to be more locally relevant provides greater educational 
stimulus that can better engage the students in deep learning and thus enhance the 
entire educational experience. It should also be recognised that developing programs 
for Australian requirements also meet global requirements in that virtually all major 
industries in Australia are replicated overseas. The effect is only that of cutting out 
issues that are of less relevance to Australia.  
 
However for all Australian universities to focus on developing identical attributes in 
Australian mechanical engineers is also inefficient. It would be more productive for 
each university to develop partnerships with a smaller range of industries and 
develop engineers more ideally suited to those industries by adjusting the weightings 
on the spread sheet and using those partnerships to regularly review the attribute 
significance and to review the selection of attributes in relation to new developments 
in the partner industries.  
10.6.2 Demand versus need  
In this chapter the attribute ratings have been considered in the light of the various 
factors that have developed the profession. The focus on the attributes demanded of 
the role have brought to light the less than significant role ratings of attributes such 
as creativity, innovation and entrepreneurship. The (UK) Engineering Council claims 
a central role for engineers in the innovation process. Citing a number of research 
papers by the National Institute of Economic and Social Research as evidence, the 
Engineering Council (2002) states that ‘employment of well qualified scientists and 
engineers pays off in terms of competitiveness’93 and that ‘where the UK loses out in 
terms of skill level of engineers (and scientists) and in the associated innovative 
activity, the loss of competitiveness occurs’.  
 
This suggests that for the company to prosper its engineers should be innovative. 
Lack of recognition of this suggests demand (measured in this attribute study) is out 
of step with need and the development of the significant attributes identified in this 
study should also account for attributes which are fundamental to the profession.  
                                                 
93 The Malpas Report also indicated that most large UK public companies (other than purely 
financial) rely on engineering to be competitive. (See page 1, Chapter 1 Introduction) 
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11 - Conclusions 
—————————————————————————– 
11.1 Introduction 
This thesis uses historical, literature and role based case study research, to determine 
the relative significance of attributes most appropriate to develop in graduate 
mechanical engineers to suit contemporary Australian conditions. It explores a range 
of teaching strategies to develop these attributes through proximal education and 
discusses the development of distance education technologies to enable this for 
distance based students.  
 
Recognising the major historical and continuing influence of the UK and US in the 
development of Australian mechanical engineers and the significant differences in 
industrial composition of the three countries in the 19th century, a statistical study  of 
the mechanical engineer employment distribution profiles industrial profiles of the 
three nations was carried out (Appendix A4). This confirms continuing very 
substantial differences in employment distribution profiles, but there are other major 
differences that affect the professional environment. The manufacturing sector 
professional engineering employment density relative to other employees is around 
25% of that of the US94 (Lloyd and Rice 1986, pp 82-3). Australia also has very low 
engineering research activity (Rice and Lloyd 1990, p.68; Rice 2001a, p.149).   
11.2 Research Question 1 
The first research question related to determining the ideal attribute profile of 
Australian mechanical engineering graduates: 
‘What is the relative significance of the broad range of potential attributes to 
enable mechanical engineering graduates to most effectively perform the most 
prevalent mechanical engineering roles in those industries that engage the 
greatest numbers of mechanical engineers in Australia?’ 
 
The statistical analysis of the Australian employment distribution profiles revealed 
that the six largest industries employed more than 50% of the mechanical 
                                                 
94 The figure for the UK is anticipated to be similar to those for the US.) 
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engineering workforce so representative companies in each industry were selected, 
the major mechanical engineering roles determined and an engineering manager 
responsible for stage 1 and stage 2 engineers was selected to be the respondent.  The 
results are compiled in the excel spread sheet in Appendix eA3 contained in the self-
loading CD at the back of this thesis. Each result is weighted proportionally to the 
projected number of engineers in that role throughout that sub-industry and the 
average across the industry is taken to produce the attribute rating. Due to the large 
number of attributes involved they were first grouped and the groups were ranked 
(see Table 6.2).   
 
This ranking showed that the Management and Communication groups effectively 
shared the highest rating, but if the low rated Foreign Language attribute was 
removed from the Personal Attributes group, that group became the most significant 
group. The personal attributes included Reliability, Time Management, 
Conscientiousness, Interpersonal Skills, Flexibility and the Expectation and Capacity 
to Undertake Lifelong Learning. All were rated significant to essential for a Stage 2 
engineer. Initially it was surprising to see the Mechanical Engineer Knowledge base 
so low in the table but investigation showed that each role rated one or more subject 
specialist topics as significant or essential. Few roles had every specialist topic 
highly rated. However attributes for which the subject specialisms are enablers, such 
as Broad Engineering Knowledge Base, were highly ranked. This prompted the 
recommendation that professional engineering development should use the Bologna 
Accord 3 year Bachelor’s degree /2 years Master’s to develop a broad engineering 
knowledge base in the first degree and advanced knowledge in selected specialist 
topics in the master’s degree. It was found that a similar proposal is currently already 
a under consideration in the Faculty of Engineering of the University of Melbourne 
(Faculty of Engineering 2005). 
 
Significant findings from this study: 
• The graduate ability of the mechanical engineering knowledge base was 
generally rated as moderate or less. 
• The graduate ability in many of the attributes previously considered of 
concern such as team skills, were generally rated significant. 
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• The highly regarded attributes of innovation, creativity and entrepreneurship 
were rated less than significant as were the enabling attributes of mathematics 
essential for the study of the mechanical engineering subject specialisms.  
 
Table 6.2 presents a list of all attributes rated significant for the roles or better and 
italicises and underlines all of those attributes for which the graduate abilities were 
rated less than moderate. These are referred to as the critical attributes.  
 
A graduate whose abilities fit the role’s attribute profile should have the flexibility to 
fit any of these roles. However it is clear that the role focus ignores attributes not 
directly focused on the role which may be considered significant for business success 
as well as some underlying and enabling attributes. These include the attributes of 
entrepreneurship innovation and creativity and the mathematical subject specialisms. 
Thus the role attributes should not be considered in isolation. 
 
A second case study research program is described in Chapter 9 that is to determine 
the detailed content of a food engineering course and serves to show the relevance of 
the conventional course content. In this study it was found that plant and process 
based topics such as materials handling equipment, packaging equipment etc. 
featured more significantly than those associated with conventional course material – 
the enabling knowledge base. The greater relevance of those topic areas suggests 
they are appropriate for active learning activities that can use these topics to integrate 
material from several conventional subject specialisms. 
11.3 Research Question 2 
The second research question related to the teaching strategies to develop these 
attributes:  
‘What are the most suitable teaching and assessment strategies to develop these 
attributes through both proximal and distance based delivery without further 
erosion of the mechanical engineering knowledge base?’  
 
Detailed teaching and assessment strategies to encourage deep learning and deliver 
the various attributes were discussed in Chapter 5 with a focus on the attributes listed 
in the 1999 IEAust Accreditation manual. Additional attributes considered 
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significant for a mechanical engineer such as innovation entrepreneurship and 
critical thinking. However towards the end of the study the IEAust released a new 
accreditation manual with several further new attributes listed which are loosely 
encompassed in the wide range of attributes of the study,    
11.4 Research Question 3 
The third research question relates to the use of distance education technologies to 
enable the development of these attributes to distance education students; 
‘How can distance education technologies facilitate and enhance these teaching 
methods?’ 
Chapter 7 discussed the development of distance education and the technologies 
used. Chapter 8 discussed the candidate’s contributions to the use and development 
of various distance education technologies. Technologies relating to the development 
of conceptual knowledge and practical skills ranged from video, home experiment 
kits, CAL, Internet facilitated control of laboratory equipment and a numerically 
controlled machine tool. E-learning systems have the potential to deliver a wide 
range of attributes – the candidate is using it for team skills, creativity and 
documentation skills – and developments in the automatic capturing of live lectures 
are now being used to deliver the on-campus lecture asynchronously to the distance 
education student. 
 
There are a wide range of technologies. Some have shown system instability in the 
past but improved software promises to solve those issues. Sharing arrangements, 
e.g. of CAL programs, can deliver better value for the cost and time of development 
and greatly improve the learning environment for students in all participating 
institutions. 
 
In theory the technical capabilities are already available to deliver most of the 
required attributes. For example a live class should be deliverable direct to the 
students’ homes using web cams and audio. However there are androgogical, 
logistic, cost, class size, and technology adoption issues still to be addressed.   
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11.5 Recommendations for Future Work 
In the attribute survey we considered only the significance of the attribute to the role 
and not the level or form of that attribute. For example several respondents indicated 
that their interest in materials science was limited to certain aspects of materials 
science such as materials selection and corrosion protection. This was addressed for 
one industry in the Food industry study but further developments of the attribute 
study could be directed towards establishing the detailed requirements of the bodies 
of knowledge and other appropriate mechanical engineering attributes across this 
range of industries. 
 
The companies selected for each industry were from the dominant sub-sector (e.g. 
the automobile manufacturing industry as the dominant sub-sector of the 
manufacturing industry in terms of mechanical engineering employment). Within the 
sector or sub-sector the company from whom the largest number of graduate 
responses had been received for the APESMA graduate engineer survey was 
selected.  This resulted in nearly all of the companies being large established 
companies. A survey that compared the attribute ratings from the large established 
companies with those from smaller young companies in the same industries would 
establish if this is a possible factor in the attribute ratings.   
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Appendix A   
Attribute Study 
—————————————————————————– 
Overview 
Appendix A consists of the following attribute study related sub appendices:95 
 
Appendix A1 ‘Industry Analysis: Determination of industries for the collective case 
study on mechanical engineering attributes.’  
This provides the analysis on which the selection of industries used in the 
attribute study is based.  
 
Appendix A2 ‘Mechanical Engineering Attribute Survey’  
This is the survey instrument used in the attribute study. 
 
Appendix eA3 Survey Results for Australian Mechanical Engineer Attribute Study. 
This comprises an evaluation of industry/role weightings; respondent’s 
assessment of role based attribute significance, including the weighted 
averages and variances across industry sectors and 3D charts depicting the 
weighted average significance and variance for each group of attributes.      
 
Appendix A4 ‘Mechanical Engineering Employment Distribution Profiles in the US, 
UK and Australia’  
In light of the considerable Anglo-American influence on the Australia 
mechanical engineering curriculum, this appendix compares the Australian 
mechanical engineering industrial profile with those of the US and UK. 
  
   
                                                 
95 Note: appendix eA3 is contained on the attached CD  
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Appendix A1  
Industry Analysis: Determination of industries for 
the collective case study on mechanical 
engineering attributes 
—————————————————————————– 
A1.1 Introduction 
This appendix uses various statistical data sources to determine the most appropriate 
industries to use in the collective case study on mechanical engineering attributes. There 
are no ideal sources for this information – each has serious limitations – but 
consideration of all available statistical data sources enables the best assessment of 
appropriate industry sectors on which to base this study, provides valuable insights into 
the employment of Australian mechanical engineers, and facilitate comparison with the 
mechanical engineering employment distribution profiles of the UK and US in 
Appendix A.4. The limitations of the available appropriate sources of statistical data 
will first be discussed. Subsequent analysis of this data considers first the industry 
distribution of (all) mechanical engineers96 and then of new graduate mechanical 
engineers.  
A1.2 Available Sources of Data 
A1.2.1 APESMA Professional Engineer Remuneration Survey 
(December 2002) and Graduate Engineer Surveys 
Rice (2001c, p123) states that there are no reliable data to indicate the distribution of 
engineers by specialism in Australia but he used data from the APESMA Professional 
Engineer Remuneration Surveys to provide the best estimate of the change in 
distribution of engineers by specialism between 1989 and 1999.  For this collective case 
                                                 
96 To clearly distinguish between the two groups, this appendix will refer to ‘(all) mechanical engineers’ 
when  considering data from surveys based on mechanical engineers in Australia at all stages of their 
careers, and ‘graduate mechanical engineers’ when considering data from surveys restricted to 
mechanical engineers in Australia within the first year following graduation.    
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study we need to determine the most significant industries in which Australian 
mechanical engineers practice and the Research and Surveys Unit of APESMA has 
kindly supplied data relative to our needs from their Professional Engineer 
Remuneration Surveys and the annual Graduate Engineer Surveys of their associate 
members following graduation. Tables A1.1 - A1.5 and A1.7 have been compiled from 
this data. 
 
The biannual APESMA Professional Engineer Remuneration Surveys are based on 
sample populations randomly drawn from the memberships97 of APESMA and the 
IEAust (ibid.). The sample populations consist of approximately 13,000 members of 
APESMA (equal to around 70% of APESMA membership) and 4,000 - 5,000 members 
of the IEAust (or 10 - 15% of IEAust membership). Filtering is undertaken to ensure 
that those who are members of both organisations are not included twice in the same 
survey. The surveys are carried out over a three week period in April and October and 
the reports are published in June and December. The sample populations used in the 
1997 and 1998 annual Graduate Engineer Surveys were drawn from new engineering 
graduates from the memberships of APESMA and the IEAust, but the later surveys 
were solely from APESMA members.  
 
Rice (ibid.) stated that in both organisations there has been a past tendency for civil 
engineering to be better represented than the other engineering specialisms. In addition 
Dominic Angerame, Research and Surveys Manager of APESMA, confirms that 
historically APESMA has been better represented in large organisations. This is 
manifest in better membership representation in the larger private companies, but 
representation in the government sector is particularly significant and will appreciably 
affect the industry distribution statistics. Thus the APESMA surveys may not be 
representative of the total Australian engineering profession and may be subject to 
coverage error. Other statistical data sources will be used to try to estimate this error.  
  
Leading consultants in survey research, Salant and Dillman (1994, pp.13-21) define 
four sources of sample survey error as:  
• Coverage error: The sample population is not truly representative of the target 
                                                 
97 Members who are students, retired or overseas where excluded from the sample populations of both the 
IEAust and APESMA.  
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population.  
• Sampling error: The sample size is less than the total population. This is the 
only error that can be calculated, and so is often the only error referred to when 
survey results are presented.  
• Measurement error: The difference between the respondents answer and the 
‘correct’ answer). 
•  Non-response error: A low response rate combined with a difference between 
respondents and non-respondents in relation to the study focus. 
 
The response rates for the APESMA Professional Engineer Remuneration Surveys are 
around 20-25%. However the response rates for the annual Graduate Engineer Surveys 
are consistently only 10-12%. Thus these surveys have greater potential for non-
response error. A major factor in the low response rate of the Graduate Engineer 
Surveys (GES) is the complication of graduates changing address on completion of their 
course. As will be discussed later, there is also clear evidence of measurement error in 
the respondent’s nomination of industry classification.  
 
The APESMA surveys cover the total engineering profession. The analysis of the 
results of a single engineering discipline significantly reduces the effective sample size. 
The resultant sample size from the Professional Engineer Remuneration Surveys is 
adequate for this analysis but comparing the overall percentages for each industry in the 
latest survey with those of an earlier survey enables detection of significant aberrations. 
The smaller Graduate Engineer Surveys do not provide an adequate sample size: 
sampling error becomes considerable. To reduce this, multiple consecutive years of the 
graduate surveys are used. As the 1997 and 1998 Graduate Engineer Surveys were 
carried out in partnership with the IEAust the sample sizes for those years are larger. 
A1.2.2 The Institution of Engineers, Australia analysis of Australian 
Bureau of Statistics 2001 Census data 
Reference: IEAust 2003 
The Australian Bureau of Statistics (ABS) quinquennial Australian Census of 
Population and Housing measures a number of key characteristics including occupation 
and education and covers the entire Australian population (zero coverage and sampling 
387387 
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errors). The census also has a very high response rate (minimal non-response error). 
Thus it would seem to be the most accurate source of data to evaluate coverage error in 
the APESMA surveys. However, as will be shown, the ABS data fields relating to 
engineering do not readily convert into reliable data on the profile of the profession. 
 
Nevertheless the IEAust purchased and analysed engineering related census data for 
their report ‘How many professional engineers are there in Australia and other big 
questions?’ (IEAust.2003). The IEAust report cautions users of the data to consider the 
following factors: 
1. The information provided by each respondent is not checked. The respondent can 
select any occupation, education etc. that they wish.  
2. The ABS census engineering related data fields are based on occupation title and 
level of education.  
3. The ABS census includes a factor to account for the 22.7% who did not include a 
field of study in the census. The IEAust report states that experience indicates the 
lower qualified are more likely to incorrectly fill in the census form and thus the use 
of this factor would over inflate the number of qualified engineers.  
 
Relating to the first two points, the title ‘mechanical engineer’ is often adopted by those 
whose occupation may more accurately be described as ‘mechanic’, thus there is an 
anticipated high measurement error in this field. To minimise the effect of misuse of the 
title ‘engineer’, the IEAust analysis focuses on those with a bachelor degree or above. 
In the occupational group of mechanical engineer (identified as the largest group in the 
area of technical98 professional engineering) 39% do not have a bachelor degree or 
above (ibid. p5). Discounting these from the statistics also cuts out a small number of 
the current practicing professional engineers who entered the profession before the 
engineering bachelor degree effectively became the prerequisite (Chapter 3, p.56)99.   
Whilst the third point concedes that the ABS figures are subject to a significant level of 
                                                 
98 An occupational group classified in terms of an engineering specialism or discipline rather than related 
non discipline specific occupational titles such as engineering manager or production manager.  It should 
be acknowledged however that the dominant academic discipline for Australian engineers is civil 
engineering 
 
99 Rice (2003) calculated the proportion of current professional engineers below the age of 65 without a 
bachelor degree or above to be approximately 7.2% in 1991. Those with diplomas in engineering made 
up 6.7% of the Professional Engineering Labour Force (PELF) whilst persons with ‘other acceptable 
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error, the IEAust report later demonstrated that, depending on the ‘definition’ of 
professional engineer, ABS figures produced a nine fold variance in estimate of the total 
number of Australian professional engineers! The estimates ranged from 21,356 to 
193,399 and the report compared these figures to that of 142,270100 published in the 
same year by ‘the leading study of engineering in Australia Engineering the Future: 
Preparing Professional Engineers for the 21st Century by Brian E Lloyd, Clive 
Ferguson, Stuart Palmer and Michael R Rice’. Michael Rice is a widely acknowledged 
expert in the field of labour force supply and demand and where applicable his findings 
(Rice 2001c) will also supplement this analysis.  
 
The reason for these widely different estimates from the ABS data fields is the 
uncertainty in determining which people with a bachelor degree or above (without 
information on discipline) and working in engineering or related technologies are 
professional engineers. The IEAust report indicates that there are 44,790 people with a 
bachelor degree or above working in an engineering occupation (determined from 
occupational title) whilst there are 193,336101 with a bachelor degree or above in a field 
of study classified as ‘Engineering or Related Technologies’.  
 
Thus it can be seen that the ABS census does not facilitate determination of the 
proportion of professional mechanical engineers in any sector with any worthwhile 
level of confidence.  
A1.2.3 The Institution of Engineers, Australia 1998 Membership 
Survey Project.  
Reference: IEAust 1999c 
This survey had a very high response rate (49.2%) but there have been no later IEAust 
membership surveys. The report contained an industry breakdown of the combined 
engineering profession but not of single engineering disciplines.  
387387 
qualifications’ made up a further 0.5%. As many of these will now be retired, the proportion of non-
graduate professional engineers will now be greatly reduced.    
 
100 This excludes engineers above the retirement age of 65 but does not exclude those who may be unable 
to practice due to incapacitation.  
101 There is a minor discrepancy in the IEAust report. This figure is given on page 6 but 193,399 is given 
- based on the same criteria – on page 4.  
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Its purpose was to enable the various technical groups and societies of the Institution to 
better provide for their membership. These groups could commission more detailed 
analysis of the data base of their target membership. As this survey is based entirely on 
IEAust membership it may also be subject to significant coverage error and thus cannot 
be used with confidence to assess the coverage error of the APESMA Professional 
Engineer Remuneration Surveys. Nevertheless, it is of interest to determine differences 
in membership profile between the two bodies. The IEAust Membership Survey Project 
does however provide a useful analysis of sub-areas of technical interest of IEAust 
mechanical engineers to compliment the outcome of the survey. This is presented as an 
addendum to this Appendix in Table A1.8.  
A1.2.4 The Graduate Destination Survey 1999 Supplement A (and 
1998 Graduate Destination Survey) 
Reference: Graduate Careers Council of Australia (2000) (1999) 
The Graduate Destination Survey (GDS) is a national survey of all bachelor degree 
graduates completing studies by 31 December of that year. The response rate is very 
high and each university has a response rate attributed to their institution. Individual 
university response rates vary from between 75-80% down to just below 50%. 
Universities value the facility to benchmark themselves against similar universities and 
place high priority on achieving a high response rate.  
 
The minimum university effort is to send out the survey instrument with a covering 
letter and return paid envelope four months after the students have completed their 
courses, and two follow up letters with further copies of the survey instrument and 
return paid envelopes sent at one month intervals to those who do not respond. In 
addition individual universities use a variety of strategies to improve the response rate 
including: 
• a letter from the Vice-Chancellor with the graduation materials emphasising the 
significance of the graduation survey 
• asking students to complete the survey instrument at the graduation ceremony 
• telephone follow up 
• a free raffle offering large prizes for those who returned their forms early 
• an on-line survey option   
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To persuade universities to ensure continuing good response rates the Graduate Careers 
Council has announced that from 2004 their survey analyses will not include results 
from institutions with less than a 50% response rate. Graduate Destination Surveys 
include destination outcomes for mechanical engineers which approach the level of 
detail of the APESMA Graduate Engineer Survey. This information is now published as 
supplements subsequent to the main reports but unfortunately the supplements for later 
surveys have not been published at the time of this analysis.  
 
As a full national survey with a high response rate it can be seen to have no coverage 
error, no sampling error and an anticipated low non-response error. However its 
separation of public and private sectors in its data field creates difficulties in assessing 
industries such as defence that employ engineers in both sectors. Nevertheless it 
provides the best available data with which to verify and enhance the industry 
distributions data from the APESMA Graduate Engineer Survey. Comparison of the 
results of the 1999 survey with those of the 1998 survey assists in determining any 
single year aberrations. 
A1.3 Industry Distribution Analysis of (All) Mechanical 
Engineers 
A1.3.1 Analysis of coverage bias 
This analysis aims to detect the extent of coverage bias in the key surveys.  
A1.3.1.1 Coverage bias in the proportion of engineers by discipline 
Table A1.1 shows the December 2002 distribution of APESMA engineers by discipline 
and by sector. From this it can be seen that mechanical engineers form only 16.4% of 
the APESMA membership whilst the combined groups of civil and structural engineers 
form 40.2%. The bias to civil and structural engineering was not as evident in the 1998 
IEAust Membership Survey Project. This survey broke the profession into 35 
specialisms. Mechanical engineering still had 15.9% of the total whilst combining the 
percentages for the separate groups of structural engineers and civil engineers gave 
30.8%: a far smaller percentage than that for the APESMA Professional Engineer 
Remuneration Survey. 
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Table A1.1 Distribution of Engineering Discipline by Sector – 
December 2002 
(Compiled from the December 2002 APESMA Professional Engineer Remuneration Survey 
data.) 
Private Public Other Total   
No. % No. % No. % No. % 
Civil and  
Structural 
359 24.7% 752 59.1% 14 19.7% 1125 40.2% 
Electrical 267 18.4% 216 17.0% 16 22.5% 499 17.8% 
Mechanical 346 23.8% 104 8.2% 8 11.3% 458 16.4% 
Electronic/ 
Communication 
138 9.5% 86 6.8% 14 19.7% 238 8.5% 
Chemical/ 
Petroleum 
96 6.6% 21 1.6% 2 2.8% 119 4.3% 
Computer Systems 48 3.3% 8 0.6% 5 7.0% 61 2.2% 
Aeronautical 21 1.4% 22 1.7% 1 1.4% 44 1.6% 
Manufacturing/ 
Industrial/ 
Production 
37 2.5% 2 0.2%   39 1.4% 
Environmental 21 1.4% 17 1.3%   38 1.4% 
Materials/ 
Metallurgical 
25 1.7% 6 0.5%   31  1.1% 
Mining 14 1.0% 2 0.2% 1 1.4% 17 0.6% 
 Electro- 
Mechanical 
14 1.0% 1 0.1% 1 1.4% 16 0.6% 
Agricultural 4 0.3% 7 0.5% 1 1.4% 12 0.4% 
Naval Architecture 3 0.2% 4 0.3% 1 1.4% 8 0.3% 
Geological 5 0.3%     5 0.2% 
Nuclear   1 0.1%   1 0.0% 
(Combination) 25 1.7% 8 0.6% 4 5.6% 37 1.3% 
Other 30 2.1% 16 1.3% 3 4.2% 49 1.8% 
TOTAL 1453  1273  71  2797  
 
Rice (2001c, p.123) presents the results of a trend analysis based on five-point moving 
averages which indicate (in 1999) 35% civil engineers and 19.9% mechanical 
engineers. However his data was also drawn from the APESMA Professional Engineer 
Remuneration Surveys which he stated provided the most reliable data source. His 
focus was on the major engineering disciplines and thus the minor specialisms (such as 
structural engineering) were redistributed to the most appropriate major engineering 
discipline. The Institution of Engineers, Australia analysis of Australian Bureau of 
Statistics 2001 Census Data provided no suitable comparative analysis as the ABS data 
focused on occupation title rather than discipline. 
 
In summary, a significant difference in results between the IEAust Survey (IEAust 
members) and the APESMA Professional Engineer Remuneration Survey (APESMA 
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and IEAust members) exists. As both may be subject to coverage error this analysis is 
unable to accurately determine the level of coverage bias between professional 
engineering disciplines in the APESMA Professional Engineer Remuneration Survey. 
However any bias between disciplines should have no direct affect on our single 
discipline analysis of the major industries employing mechanical engineers. 
A1.3.1.2 Coverage bias in the proportion of engineers by sector 
From Table A1.1 it can be seen that 45.5% of the respondents of the December 2002 
APESMA Professional Engineer Remuneration Survey are employed in the public 
sector102. Equivalent statistics presented in the IEAust 1988 Membership Survey Project 
(IEAust 1999c p.13 indicates 23.9% of engineers to be in the public sector. However 
analysis presented in Chapter 3 of this thesis103 showed a dramatic drop in public sector 
employment of engineers from traditionally around 60% as recently as 1989 to 17% by 
the year 2000104 and thus indicates a substantial public sector bias in the APESMA 
membership profile and a more moderate bias in the IEAust profile. 
 
Mechanical engineers have always had less representation in the public sector than 
electrical and civil engineers and Table A1.1 illustrates this. The December 2002 
APESMA Professional Engineer Remuneration Survey shows the proportion of 
professional mechanical engineers in the public sector (22.7%) to be half of that for the 
total engineering profession. Assuming APESMA over representation of the public 
sector to be evenly spread across all disciplines, crude manipulation of these figures 
would lead to an estimate of 8.5% of mechanical engineers employed in the public 
sector. However analysis of graduate destination statistics (below) indicates a figure of 
12.2% would be more appropriate. 
                                                 
102 This high figure may be a minor aberration. The June 2001 survey shows 38.7% public sector 
employment (Rice 2003). 
 
103 These were based on a number of publications by Rice and Lloyd 
 
104 This is in close agreement with the ABS 2001 census data which shows 16% of those with degrees in 
‘Engineering and Related Technologies’ were employed in the public sector (IEAust 2003 p.16). 
However as previously discussed the ABS census cannot be used with any worthwhile level of 
confidence.  
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A1.4 Distribution of Mechanical Engineers by Industry 
and Sector 
APESMA December 2002 Professional Engineer Remuneration Survey results are 
compiled in Table A1.2 to depict the distribution of mechanical engineers by industry 
and sector. The table has been split into manufacturing and non-manufacturing industry 
groups and each is ordered according to the total number of engineers in each industry.  
 
Table A1.2 Distribution of Mechanical Engineers by Industry – 
December 2002 with totals for June 2000 included for comparison 
(Compiled from December 2002 and June 2000 APESMA Professional Engineer Remuneration 
Survey data.) 
 
 
Private Public Other  Total 
(2002) 
Total 
(2000) 
 
Manufacturing 
No % No. % No % No % No % 
Transport 
Equipment 
49 14.2
% 
1 1.0
% 
1 12.5
% 
51 11.2
% 
58 11.0
% 
Industrial  
Machinery 
19 5.5%     19 4.2% 25 4.8% 
Fabricated Metal 16 4.7%   1 12.5
% 
17 3.7% 22 4.2% 
Chemical and 
Petroleum 
16 4.7% 1 1.0
% 
  17 3.7% 19 3.6% 
Food, Beverage  
and Tobacco 
13 3.8%     13 2.9% 13 2.5% 
Steel Production 9 2.6%     9 2.0% 9 1.7% 
Appliances and 
Electricals 
8 2.3%     8 1.8% 7 1.3% 
Basic Metal 
Products 
7 2.0%     7 1.5% 14 2.7% 
Scientific 
Equipment 
3 0.9%     3 0.7% 1 0.2% 
Wood and Paper 
Products 
3 0.9%     3 0.7% 6 1.1% 
Non-Metallic 
Minerals 
2 0.6%     2 0.4% 4 0.8% 
Other 
Manufacturing 
16 4.7% 2 1.9
% 
  18 4.0% 21 4.0% 
Sub-total 
Manufacturing 
16
1 
46.8
% 
4 3.9
% 
2 25% 16
7 
36.8
% 
19
9 
37.9
% 
 
           Continued: 
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Table A1.2 continued: Non-Manufacturing 
 Private Public Other Total 
(2002) 
Total (2000) 
Non-
manufacturing 
No % No. % No % No. % No % 
Consulting and  
Tech Services 62 18.0 4 3.9 1 12.5 67 14.7 91 17.3 
Electricity and  
Gas Supply 20 5.8 26 25.2   46 10.1 46 8.8 
Defence 10 2.9 24 23.3 1 12.5 35 7.7 29 5.5 
Construction, 
Contract and 
Maintenance 
21 6.1 9 8.7   30 6.6 59 11.2 
Mining and 
Quarrying 26 7.6 2 1.9   28 6.2 26 5.0 
Transport and 
Storage 10 2.9 11 10.7   21 4.6 14 2.7 
Oil/Gas 
Exploration/ 
Production 
14 4.1 2 1.9   16 3.5 12 2.3 
Water Sewerage  
& Drainage 3 0.9 7 6.8   10 2.2 14 2.7 
Public 
Administration   8 7.85   8 1.8 6 1.1 
Education 1 0.3   4  50 5 1.1 2 0.4 
Other Non-
Manufacturing 16 4.7 6 5.8   22 4.8 27 4.6 
Sub-total  
Non-
manufacturing 
183 53.2 99 96.1 6 75 288 63.3 326 62.1 
Total 344  103  8  455  525  
 
For comparison, the equivalent totals and percentages for the June 2000 survey are 
presented in the final column. For the manufacturing industry group there is no change 
in rank in any of the significant industries but for the non-manufacturing group there is 
a significant change for the construction contract and maintenance industry. The 
proportion of mechanical engineers employment in this industry in the June 2000 
survey was 11.2% (2nd only to the consulting industry) and in the December 2002 
survey it was only 6.6% (5th overall). It is appropriate therefore to carry out a time 
series analysis of this industry (Table A1.2a) to try to establish the norm.   
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Table A1.2a Time Series Analysis of Employment of Mechanical 
Engineers in the Construction Contract and Maintenance Industry 
(Compiled from June 1997, June 1999, June 2000, June 2001, June 2002, and December 2002 
APESMA Professional Engineer Remuneration Survey data.) 
 
Survey Date Survey Report Date  Private % Public % Total % 
April 1997 June 1997 9.4% 7.1% 8.7% 
April 1998 Not Available    
April 1999 June 1999 10.6% 9% 10.3% 
April 2000 June 2000 11.9% 8.3% 11.2% 
April 2001 June 2001 9.5% 8.3% 9% 
April 2002 June 2002 7.2% 7.1% 7.1% 
October 2002 December 2002 6.1% 8.7% 6.6% 
 Average 9.1% 8.1% 8.8% 
 
Analysis of Table A1.2a shows the proportion of public sector mechanical engineers 
employed in the construction contract and maintenance industry to fluctuate mildly and 
with no particular trend. With the small numbers involved in the public sector these 
fluctuations represent changes of only one or two respondent engineers. For the private 
sector the table reveals that the June 2000 and December 2002 results had (respectively) 
the maximum and minimum participation rates of mechanical engineers in the industry 
over a five and a half year period. As considerably more mechanical engineers in this 
industry are employed in the private sector this represents a significant fall in private 
sector employment: from 52 respondents to only 21. 
 
The rise and fall in private sector employment is consistent with demand created by 
special construction projects associated with the Sydney Olympic Games and various 
special millennium projects. They would involve a gradual mechanical engineer 
employment build up towards the target completion dates and a more rapid decline post 
commissioning. As can be expected, the mechanical engineer employment volatility in 
the construction industry is similar to the employment volatility characteristic of the 
civil engineering profession.   
A1.4.1 Adjusting for public sector coverage bias 
There are no other reliable sources of data with which to compare the results of Table 
A1.2. Comparison with the IEAust analysis of ABS 2001 census data (IEAust 2003) is 
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misleading as this is based on those with the occupational title of mechanical engineer 
combined with a bachelor degree or higher qualification and does not include 
mechanical engineers with titles such as production or plant engineer, engineering 
manager, project manager or production manager. The IEAust 19998 Membership 
Survey Project (IEAust 1999c) has no break down of mechanical engineers by industry.  
With the lack of further comparative data, the distribution of mechanical engineers by 
industry shown in Table A1.2 will be adjusted to compensate for the considerable over 
representation of the public sector in the APESMA 2002 Professional Engineer 
Remuneration Survey results.  
 
The APESMA 2002 Professional Engineer Remuneration Survey currently shows the 
proportion of mechanical engineers in the Public sector at 103 (22.6% of the total of 
455) and the Private and ‘Other’ industry sectors at 352 (77.4% of total). To adjust the 
Public sector to 12.2% of the total, the Public sector should be 55.5 and the Private and 
‘Other’ sectors 399.5 (87.8% of total). Thus the adjustment multiples are 1.135 for 
Private and ‘Other’ industry sectors and 0.539 for the Public sector.  
 
These adjustments are presented in Table A1.3 105 and result in a change in order of the 
non-manufacturing industries based on the number of mechanical engineers employed 
in those industries. Overall, Table A1.3 shows the main employers of mechanical 
engineers to be:  
1. Consulting and Technical Services (16.2%);  
2. Transport Equipment (12.6%);  
3. Electricity and Gas Supply (8.1%); 
4. Mining and Quarrying (6.7%);  
5. Construction Contract and Maintenance (6.3%)  
6. Defence (5.6%) and; 
7. Industrial Machinery (4.7%). 
                                                 
105 The number of significant figures used in the adjustment multiples do not imply a high degree of 
precision in the adjusted table. As previously discussed, these are based on imprecise data.  
Appendix A1 Industry Analysis 295 
 
 
Table A1.3 Adjusted Industry Distribution of Mechanical Engineers 
(Compiled from December 2002 APESMA Professional Engineer Remuneration Survey data 
adjusted to compensate for the over representation of the public sector.) 
 Private Public Other Total 
 Manufacturing No. % No. % No. % No. % 
Transport Equipment 55.6 14.2% 0.5 1.0% 1.1 12.4% 57.2 12.6%
Industrial Machinery 21.6 5.5%     21.6 4.7% 
Fabricated Metal 18.2 4.7%   1.1 12.4% 19.3 4.2% 
Chemical and 
Petroleum 
18.2 4.7% 0.5 1.0%   18.7 4.1% 
Food, Beverage and 
Tobacco 
14.8 3.8%     14.8 3.6% 
Steel Production 10.2 2.6%     10.2 2.2% 
Appliances and 
Electrical 
9.1 2.3%     9.1 2.0% 
Basic Metal Products 7.9 2.0%     7.9 1.7% 
Scientific Equipment 3.4 0.9%     3.4 0.7% 
Wood and Paper 
Products 
3.4 0.9%     3.4 0.7% 
Non-Metallic 
Minerals 
2.3 0.6%     2.3 0.5% 
Other Manufacturing 18.2 4.7% 1.1 2.0%   19.3 4.2% 
Sub-total 
Manufacturing 
182.9 46.8% 2.1 3.8% 2.2 24.7% 187.2 41.1%
 
 
Non-manufacturing 
No. % No. % No. % No. % 
 
Consulting and  
Tech Services 
70.4 18.0% 2.2 4.0% 1.1 12.4% 73.7 16.2%
Electricity and Gas 
Supply 
22.7 5.8% 14.0 25.2%   36.7 8.1% 
Mining and Quarrying 29.5 7.5% 1.1 2.0%   30.6 6.7% 
Construction, Contract 
and Maintenance 
23.8 6.1% 4.9 8.8%   28.7 6.3% 
Defence 11.4 2.9% 12.9 23.2% 1.1 12.4% 25.4 5.6% 
Transport and Storage 11.4 2.9% 5.9 10.6%   17.3 3.8% 
Oil/Gas Exploration/ 
Production 
15.9 4.1% 1.1 2.0%   17 3.7% 
Water Sewerage and 
Drainage 
3.4 8.7% 3.8 6.8%   7.2 1.6% 
Education 1.1 2.8%   4.5 50.6% 5.6 1.2% 
Public Administration   4.3 7.7%   4.3 0.9% 
Other Non-
Manufacturing 
18.2 4.7% 3.2 5.8%   21.4 4.7% 
Sub-total  
Non-manufacturing 
207.8 53.2% 53.4 96.2% 6.7 75.3% 267.9 58.9%
Total 390.7  55.5  8.9  455.1  
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It can be seen that two industries dominate. The Consulting and Technical Services 
industry is the overall dominant employer of mechanical engineers reflecting the trend 
for industries to outsource engineering, and the Transport Equipment industry 
dominates the manufacturing sector. Of the other non-manufacturing industries the 
Electricity and Gas Supply industry also has a relatively substantial number of 
mechanical engineers but of the manufacturing industries the Industrial Machinery 
industry is the next major employer of mechanical engineers with relatively few 
mechanical engineers. This reflects the low professional engineer density in Australian 
manufacturing described in Chapter 3. 
A1.5 Industry Distribution Analysis of Graduate 
Mechanical Engineers 
Whilst the attributes developed in mechanical engineers should fit them for their entire 
career, it is more immediately useful for them to be better prepared for their first 
professional engagement and to be equipped with the skills and expectation of lifelong 
learning. Thus the distribution of graduate mechanical engineers by industry should also 
be considered in this analysis. Any significant differences in industry distribution 
between graduate mechanical engineers and (all) mechanical engineers may also 
indicate expanding or declining industry sectors. Of course, there are also a number of 
other factors that may also affect these differences: 
1. international migration of engineers  
2. national migration of more experienced engineers between industry sectors  
3. older industries may have a greater short term need to replace retiring engineers 
4. lifestyles imposed by some industries (e.g. through remote location) may be 
more suited to  younger engineers 
5. the greater need in some industries for skills more readily available in either 
graduate or more experienced engineers 
A1.5.1 Analysis of coverage bias 
This analysis aims to detect the extent of coverage bias in the key graduate engineer 
surveys.  
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A1.5.1.1 Coverage bias in the proportion of graduate engineers by 
 discipline 
The graduate engineers sampled in the APESMA Graduate Engineer Surveys are from 
graduating student members, the majority of which were recruited into APESMA 
(and/or IEAust) membership through effective university based recruitment 
programs106. Thus the sample is relatively independent of employing industry and the 
survey should have minimal coverage error. However response rates (and continuing 
membership of APESMA) may be affected by differences in prevailing attitudes and 
employment conditions in the industries and as these surveys have very low response 
rates there is potential for significant non-response error.  
 
Table A1.4 Distribution of Graduate Engineers by Discipline and 
Sector – Commenced Employment in 2001 
(Compiled from 2002 APESMA Graduate Engineer Survey data.) 
Private Public Other Total Engineering 
Discipline  No. % No. % No. % No. % 
Civil and  
Structural 
51 21.9% 21 28.4%   72 23% 
Mechanical 44 17.2% 7 9.5%   51 16.3% 
Computer Systems/ 
Information 
Technology 
21 9.0% 9 12.2% 1 25% 31 9.9% 
Chemical 23 9.9% 3 4.1%   26 8.3% 
Electronic/ 
Communication 
17 7.3% 4 5.4% 2 50% 25 8.0% 
Electrical 16 6.9% 8 10.8%   24 7.7% 
Environmental 9 3.9% 6 8.1% 1 25% 16 5.1% 
Mining 10 4.3% 2 2.7%   12 3.8% 
Aeronautical 2 0.9%     2 0.6% 
(Combination) 10 4.3% 3 4.1%   13 4.2% 
Other 30 12.9% 11 14.9%   41 13.1% 
TOTAL 233  74  4  313  
 
Table A1.4, compiled from data from the APESMA Graduate Engineer Survey of those 
who commenced their first employment as graduate engineers in 2001, shows the 
distribution of engineering disciplines. It can be seen that the proportion of graduate 
mechanical engineer respondents is approximately the same as for (all) mechanical 
engineers and reflects the fairly constant proportion of mechanical engineers that has 
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existed for at least 25 years (Rice 2001c, p.123). However the proportion of graduate 
civil and structural engineers (23%) is considerably less than that for the full 
engineering population (40.2%) reflecting an acceleration of the decline in the 
proportion of civil engineers over the same period shown by Rice (ibid.). Comparison of 
the 2001 APESMA Graduate Engineer Survey with the APESMA Professional 
Engineer Remuneration Survey also shows a considerable shift in specialism 
distribution from electrical engineering to computer systems/information technology 
engineering and electronic/ communication engineering.  
 
Although no suitable data was available to accurately determine the level of coverage 
bias between professional engineering disciplines for (all) mechanical engineers, data 
from the Graduate Destination Survey 1999 – Supplement A (Graduate Careers Council 
of Australia 2000 pp.14-5) enables an excellent comparison to detect the combined 
effects of coverage, sample and non-response bias in the APESMA Graduate Engineer 
Survey. Of those engineering graduate respondents who gained full-time employment in 
1999, 16.9% were mechanical and 24% were civil. Equivalent figures for 1998 are 
17.8% mechanical and 22.7% civil.  These figures are close to those of the APESMA 
Survey of Graduate Engineers who commenced employment in 2001 (Table A1.4). 
A1.5.1.2 Coverage bias in the proportion of graduate engineers by sector 
 More significant to our study is the proportion of graduate engineer respondents 
entering the public sector. At 23.6% it is considerably lower than that for the full 
engineering population as determined through the APESMA Professional Engineer 
Remuneration Survey (45.5%) whilst that for graduate mechanical engineers at 13.7% 
is also considerably lower than that for the full mechanical engineering population as 
determined through the APESMA Professional Engineer Remuneration Survey 
(22.6%).  
 
Comparative figures are provided by the Graduate Destination Survey 1999 – 
Supplement A (Graduate Careers Council of Australia 2000, p.14). Of the graduate 
engineers who gained full time employment in 1999, 21.3% were employed in the 
public sector whilst of the mechanical engineers who gained full-time employment that 
387387 
106 Whilst some mature age students may have joined either of these organisations whilst in industry 
before entering university, it is anticipated that due to the nature of these organisations, this number will 
be comparatively very small.   
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year, 12.2% gained employment in the public sector.  The comparative figures for the 
previous year were somewhat lower: 17.4% for all graduate engineers and 10.5% for 
graduate mechanical engineers (Graduate Careers Council of Australia 1999, pp.61-2). 
However it can be seen that there is close agreement with the public sector participation 
indicated by the APESMA Graduate Engineer Survey data.  
 
With the prevailing attitude of government bodies to outsource engineering it would 
appear unreasonable to anticipate these figures being markedly greater than the overall 
proportion of mechanical engineers in the public service and thus our earlier adjustment 
for public sector bias in the analysis of industry distribution of (all) mechanical 
engineers in Table A1.3 was based on ‘correcting’ to the median of these figures; 
12.2%107. 
A1.6 Distribution of Graduate Mechanical Engineers by 
Industry  
Table A1.5 compiles data from 6 years of APESMA Graduate Engineer Surveys to 
show the distribution of graduate mechanical engineers by industry in both 
manufacturing and non-manufacturing sectors. Due to small sample size combined with 
low response rate no segmentation was made in this analysis between public and private 
sector. For the same reason the manufacturing sector was split into ‘transport’ and 
‘other manufacturing’ reflecting the dominance of the transport manufacturing industry 
in the manufacturing sector. 
 
A minor change in the range of industry categories took place after 1998 when the 
superfluous and confusing category ‘other non- manufacturing was removed108. The 
distribution for any single year is unreliable due to the small number of respondents but 
the six year total can be compared with the distribution for the 1998 and 1999 
Graduation Destination Surveys presented in Table A1.6. 
 
Confidential information provided by APESMA listing the employers of graduate 
                                                 
107 This figure was chosen because: it was close to an average of the three values and was from the most 
recent annual Graduate Destination Survey (GDS) which has very low coverage, sample and non-
response errors.   
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mechanical engineers compiled according to the industry category nominated in the 
1999-2002 survey returns provided further insights into the APESMA Graduate 
Engineer Survey results. Although alternate industry listings from multiple respondents 
of companies with diverse commercial interests such as Shell and BHP are appropriate, 
alternate industry listings by other respondents (such as those from the major 
automobile manufacturing companies) indicates confusion in the industries nominated 
by the respondents and results in significant measurement error. The large proportion of 
respondents selecting ‘other’ is a further indication of this, as most could clearly be 
placed in a listed industry category. The selection of representative companies for the 
attribute study was based on the number of respondents from each company in these 
APESMA Graduate Engineer surveys. 
 
Table A1.5 shows the main employers of graduate mechanical engineers as determined 
through the APESMA Graduate Engineer Surveys (GES) (1997-2002) to be: Consulting 
(15.6%); Mining (9.7%); Transport (Manufacturing) 9.2%; Construction (8.1%) and, 
Electricity and Gas Supply (6%) 
 
These findings are compared with those of the Graduate Careers Council Graduate 
Destination Survey (GDS) shown in Table A1.6 and the Adjusted Distribution of 
Mechanical Engineers by Industry Table A1.3.  
 
Note that in the Graduate Destination Survey public sector engineers are considered 
separately from the industries in which they may be involved and an approximate 
assessment of this effect can be determined from Table A1.3, which shows the 
distribution by industry and sector of (all) mechanical engineers.  
A1.6.1 Analysis of Industry Significance for Mechanical Engineering 
This analysis compares the distributions shown in the graduate surveys with those from 
the adjusted APESMA Professional Engineer Remuneration Survey presented in Table 
A1.3 to determine the most appropriate industries for the collective case study on 
mechanical engineering attributes.  
387387 
108 The three categories ‘other’, ‘other non-manufacturing’ and ‘other manufacturing’ created an overlap 
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Table and Charts A1.5 Graduate Mechanical Engineers by Industry by Year of Commencement – APESMA 
Graduate Engineer Survey  
(Compiled from 1998-2003 APESMA Graduate Engineer Survey data.)   
1997109 1998 1999 2000 2001 2002 1997-2002  
No. % No. % No. % No. % No. % No. % No. % 
Manufacturing               
Transport 37 8.3% 17 8.3% 11 12.5% 11 13.4% 4 8.2% 3 11.1% 83 9.2% 
Other Manufacturing 120 26.8% 63 30.7% 19 21.6% 23 28.0% 7 14.3% 4 14.8% 236 26.3% 
Total Manufacturing 157 35.1% 80 39.0% 30 34.1% 34 41.5% 11 22.4% 7 25.9% 319 35.5% 
Non- Manufacturing               
Consulting 61 13.6% 37 18.0% 15 17.0% 13 15.9% 11 22.4% 3 11.1% 140 15.6% 
Mining 54 12.1% 14 6.8% 4 4.5% 9 11.0% 2 4.1% 4 14.8% 87 9.7% 
Construction 48 10.7% 10 4.9% 6 6.8% 3 3.7% 5 10.2% 1 3.7% 73 8.1% 
Electricity and Gas Supply 26 5.8% 12 5.9% 6 6.8% 4 4.9% 4 8.2% 2 7.4% 54 6.0% 
Water Sewage &Drainage 6 1.3% 1 0.5% 4 4.5% 1 1.2% 0 0.0% 1 3.7% 13 1.4% 
Public Admin. 2 0.4% 0 0.0% 0 0.0% 2 2.4% 1 2.0% 0 0.0% 5 0.6% 
Comm. Inc. Telstra 2 0.4% 1 0.5% 1 1.1% 0 0.0% 0 0.0% 0 0.0% 4 0.4% 
Other Non-Manufacturing 5 1.1% 6 2.9%           
Other  86 19.2% 44 21.5% 22 25% 16 12.2% 15 30.6% 9 33.3% 192 21.4% 
Total Non- Manufacturing 290 64.9% 125 61% 58 65.9% 48 58.5% 38 77.6% 20 74.1% 579 64.5% 
Total 447  205  88  82  49  27  898  
                                                 
109 The APESMA Graduate Engineer Survey respondents for years 1997 and 1998 were graduating engineers from the membership of both the IEAust and 
APESMA. In subsequent years the survey respondents have been APESMA graduating engineers only. 
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Chart: Graduate Mechanical Engineers by Industry by Year of 
Commencement - Manufacturing 
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Chart: Graduate Mechanical Engineers by Industry by Year of 
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Table A1.6 Graduate Mechanical Engineers by Industry by Year of 
Commencement – Graduate Destination Survey 
Note: Distributions are based on those in full-time employment. 
Employment category 1998110 1999111 
Government   
Australian Government 0.8% 2.0% 
Defence 3.9% 5.6% 
State Government 5.0% 3.8% 
Local Government 0.8% 0.8% 
TOTAL Government 10.5% 12.2% 
Private Sector   
Professional Practice   
Consulting Engineering Services 15.0% 15.8% 
Legal Services 0.4% 0.5% 
Accounting Services 0.0% 0.5% 
Architectural Services 0.3% 0.3% 
Sub-total Professional Practice 15.7% 17.1% 
Business and Industry   
Manufacturing 38.7% 39.8% 
Mining 10.6% 6.4% 
Finance Insurance Property and Business 9.1% 8.0% 
Construction 5.3% 4.5% 
Transport and Storage 1.5% 2.5% 
Agriculture Forestry, Fishing 0.7% 0.3% 
Electricity Water and Gas 1.1% 1.6% 
Trade Wholesale and Retail 1.3% 1.3% 
Communication Services 0.3% 0.0% 
Accommodation, Cafes, and Restaurants112  -  0.3% 
Cultural and Recreational Services 0.4% 0.0% 
Personal and Other Services 0.3% 3.1% 
Sub-total Business and Industry 69.3% 67.8% 
TOTAL Private Sector 85% 84.9% 
Education   
Higher Education 1.3% 0.8% 
Other Education and Training 1.5% 0.8% 
TOTAL Education 2.8% 1.6% 
TOTAL Other Full Time Employment 1.7% 1.3% 
                                                 
110 Compiled from data from the Graduate Destination Survey 1998 (Graduate Careers Council of 
Australia 1999, p.61). There were 618 mechanical engineering graduate respondents of which 74.5% 
had full-time employment. 
 
111 Compiled from data from the Graduate Destination Survey 1999 (Graduate Careers Council of 
Australia 2000, p.14). There were 631 mechanical engineering graduate respondents of which 63.9% 
had full-time employment. 
 
112 The industry ‘Accommodation, Cafes and Restaurants’ was not included in the 1998 survey. 
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A1.6.1.1 Mining.  
The GDS surveys (Table A1.6) show a considerable variation between 1998 and 
1999: 10.6% and 6.4% respectively with an average (8.5%). As Table A1.3 indicates 
a negligible public sector factor, the results of the GDS survey would bring this 
industry into 3rd place. However although on a yearly basis the sample size is very 
small, the GES data (Table A1.5) shows significant fluctuation in the annual 
proportion of graduate engineering students taking employment in the mining 
industry and the proportion is relatively low for both of the years (1998 and 1999) of 
the GDS surveys.  
 
Both surveys indicate a significantly greater proportion of graduate mechanical 
engineers in this industry than that shown in the industry distribution of (all) 
mechanical engineers (Table A1.3) and reflects the financial attraction of this 
industry to younger single engineers more prepared to work in remote locations than 
those with spouses and/or children.  Verbal reports from employers have highlighted 
considerable problems in retaining engineers for more than a few years in remote 
locations. 
A1.6.1.2 Transport (manufacturing).  
Transport (manufacturing) is shown by the GES to be the dominant employer of 
graduate mechanical engineers in the manufacturing industry (9.2%) but the 
proportion is shown to be significantly higher for (all) mechanical engineers (12.6%) 
in Table A1.3 using the adjusted APESMA 2002 Professional Engineer 
Remuneration survey data. The GDS surveys do not have a separate category for the 
employment of graduate mechanical engineers in the transport manufacturing 
industry but their overall proportion for manufacturing (average 38.2%) is greater 
than that for the GES survey (35.5%). An analysis of the respondents employs in the 
raw data provided by APEXMA, clearly shows the automotive industry to be the 
major employer of graduate mechanical engineers in this industry. 
A1.6.1.3 Construction.  
The GES surveys indicate 8.1% of graduate mechanical engineers are employed in 
the construction industry. The GDS surveys show considerably smaller proportions: 
5.3% (1998) and 4.5% (1999) or an average over the two years of 4.9%. Allowing 
for a significant public sector factor (20%) this is still well below the GES indicated 
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proportion and against the trend of rising mechanical engineering employment in this 
industry at that time shown in Table A1.2a, which also clearly shows the significant 
private sector mechanical engineer employment volatility of this industry. The 
adjusted employment distribution shown in Table A1.3 shows the late 2002 adjusted 
proportion of (all) mechanical engineers in this industry had fallen to 6.3%; little 
more than 50% of its peak just two and a half years earlier. 
A1.6.1.3 Electricity and Gas Supply.  
This industry is shown by the GES surveys to employ 6% of graduate mechanical 
engineers however the GDS shows this industry, even combined with the water 
industry, to employ only 1.1% (1988), 1.6% (1999) or an average of 1.3% of 
graduate mechanical engineers. Allowing for the considerable public sector 
characteristic of this industry (62%), this is still just over one third of the GES figure. 
However the proportion of (all) mechanical engineers in this industry is shown in 
Table A1.3 to be much higher at 8.1% and the third largest employer of mechanical 
engineers. 
A1.6.1.4 Finance Insurance Property and Business.  
This non-engineering industry, not listed in the APESMA surveys, is shown in the 
GDS to be a significant employer of mechanical engineers (9.1% in 1998, 8.0% in 
1999 and 8.5% average over the two years) approximately equal to the mining 
industry. In part this may reflect the increasing double degree phenomenon where the 
other degree is one in business or commerce or possibly recruitment into ‘financial 
engineering’ (as described in Chapter 3).     
A1.6.1.5 Defence.  
This industry is not listed in the APESMA GES surveys although there were a 
number of respondents from that sector listed in ‘Public Administration’, and ‘Other’ 
of Table A1.8. The GDS survey has Defence listed in the public sector with 3.9% of 
fully employed graduate engineering students in 1998 and 5.6% in 1999.  Table A1.3 
shows that there are almost as many employed in the defence industry in the private 
and ‘other’ sectors (97%) and so this public sector industry has significant private 
sector participation. With due consideration of private sector participation applied to 
the GDS figures, this industry becomes a major employer of graduate mechanical 
engineers. Significant differences in the role of the mechanical engineer between the 
two sectors should be noted. Typically the role of the public sector mechanical 
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engineer in the defence industry would be one of contract management of projects 
awarded to those in the private sector.   
A1.7 Summary of Analysis 
The following table, Table A1.7, summarises the analysis of industry distributions 
for mechanical engineers and graduate mechanical engineers in the industries that 
employ the greatest numbers of mechanical engineers and graduating mechanical 
engineers.   
Table A1.7 Summary of Analysis of Employing Industries of 
Mechanical Engineers & Graduate Mechanical Engineers.   
(All) Mechanical Engineers Graduate Mechanical Engineers 
Industry %   
APERS113
Industry %  
GES114 
%  
GDS115 
Consulting and 
Technical Services 
16.2% Consulting 15.6% 16.4% 
Transport Equipment 12.6% Mining 9.7% 8.5% 
Electricity and Gas 
Supply 
8.1% Transport Equipment 9.2% - 
Mining and 
Quarrying 
6.7% Defence - 4.7% +4.5%116 
= 9.2% 
Construction 
Contract and 
Maintenance 
6.3% Financial Insurance 
Property and 
Business 
- 8.5% 
Defence 5.6% Construction 8.1% 4.9%+1.0%117  
= 5.9% 
Industrial Equipment 4.7% Electricity and Gas 6.0% 1.3%+0.8% 
=2.18% 
 
                                                 
113 Adjusted distribution of mechanical engineers by industry based on the adjusted APESMA 
Professional Engineer Remuneration Survey data (Table A1.3). 
 
114 Based on data from the APESMA Graduate Engineer Survey (Table A1.5). 
 
115 Based on data from the Graduate Destination Survey by the Graduate Careers Council of Australia 
(Table A1.6). 
 
116 This is an allowance for private sector employment in this industry (based on the public/private 
sector ratios shown in Table A1.3). 
  
117 For the Construction and Electricity and Gas industries this is an allowance for the public sector 
factor (based on the public/private sector ratios shown in Table A1.3)  
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From this table it can be seen that the Consulting and the Transport (manufacturing) 
industries are very significant employers for both (all) mechanical engineers and 
graduate mechanical engineers. Raw data provided by APESMA shows Connell 
Wagner to be the largest recruiter of graduate mechanical engineers in the Consulting 
industry. The Transport (manufacturing) industry is the only significant employer of 
mechanical engineers in the manufacturing sector and the APESMA raw data shows 
the automobile industry to dominate this sector and the largest employers of graduate 
mechanical engineers are Holden and Ford.   
 
The Electricity and Gas Supply industry is a significant employer for all mechanical 
engineers but appears to be less (or much less) significant for graduate mechanical 
engineers. In contrast Mining and Defence, although less significant than the 
Electricity and Gas supply industry for (all) mechanical engineers, appear to be 
considerably more significant for graduate mechanical engineers. However statistical 
data to support the analysis of graduate employment in the Defence industry is 
inadequate. 
 
Although the employment of mechanical engineers in the Construction industry has 
fallen considerably it appears to remain a moderately significant employer of both 
graduate mechanical engineers and (all) mechanical engineers. 
 
In Table A1.7 six significant employing industries are common to both (all) 
mechanical engineers and graduate mechanical engineers. Of the remaining two 
industries, ‘industrial equipment’ is the least significant for (all) mechanical 
engineers and for graduates the general category of ‘financial insurance property and 
business’ is anticipated to include many who have moved outside of the traditional 
scope of the profession (and thus those remaining form a considerably smaller 
proportion of graduate mechanical engineers). The six employing industries common 
to both categories of mechanical engineer encompass 55.5% of (all) mechanical 
engineers and 54.6%118 of graduate engineers and thus form a sound basis for the 
collective case study on mechanical engineering attributes. 
                                                 
118 Calculated using the available figure where only one GES or GDS figure is available and by 
averaging the GES and GDS figures where both are available.  
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A1.8 Addendum 
Table A1.8 below shows that on average each engineer practiced in two to three sub-
areas of mechanical engineering and had an interest in five to six areas. 
Encouragingly, this shows that on average mechanical engineers have a much 
broader range of interest in mechanical engineering topics than just those in which 
they practice. 
Table A1.8 Distribution of Mechanical Engineering by Sub Areas of 
Technical Interest – May 1998  
Reference: IEAust 1999c 
Sub- Area of 
Mechanical 
Engineering 
Number of 
Respondents who 
Practice in the 
Sub- area 
% Number of 
Respondents with 
an Interest in the 
Sub-Area 
% 
Mechanical 
Design 
1704 46.7% 3899 57.9% 
Compressors and 
Pumps 
1211 33.2% 3437 51.1% 
Pressure Vessels 956 26.2% 3055 45.4% 
Heat Exchangers 936 25.7% 3125 46.4% 
Mechanical Drives 
and Transmission 
861 23.6% 2868 42.6% 
Steam Power 
Plants 
629 17.3% 2782 41.3% 
Machine 
Condition 
Monitoring 
566 15.5% 2786 41.4% 
Turbines and 
Steam Turbines 
562 15.4% 2821 41.9% 
Lubrication, 
Friction Wear and 
Tribology 
480 13.2% 2602 38.7% 
Applied 
Mechanics 
424 11.6% 2232 33.2% 
Metal Cutting and 
Machining 
339 9.3% 2186 32.5% 
Internal 
Combustion 
Engine 
308 8.4% 2622 39% 
Machine Tools 216 5.9% 2035 30.2% 
Virtual Product 
Development 
139 3.8% 1926 28.6% 
Abrasives 88 2.4% 1708 25.4% 
Total 3645 (258%) 6730 (570%) 
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Appendix A2  
Mechanical Engineering Attribute Study Instrument  
—————————————————————————– 
The following information will enable us to determine the most significant attributes 
to develop in our Bachelor of Engineering Mechanical, Mechatronics and 
Manufacturing programs. Note: 
• A “Stage 1” engineer is a graduate engineer with less than 3 years professional 
experience. 
• A “Stage 2” engineer is an engineer eligible for chartered membership of the 
Institution of Engineers, Australia and thus has at least 3 years professional 
experience. 
• For easy reference, definitions of the other terms used in each response block are 
given on the back page of this survey instrument. 
 
Please assess the following skills, knowledge bases and attributes of your 
engineers by circling the appropriate box within the each response block as 
follows: 
1. In the first line of the response block, please assess the value of the attribute 
to the role at graduate engineer (Stage 1) level.  
2. In the second line of the response block, please assess the value of the 
attribute to the role at professional engineer (Stage 2) level.  
3. In the third line of the response block, please make your assessment of the 
typical standard of the skill level a typical new graduate demonstrates when 
(s) he first joins your company.. This will flag the need for special attention 
to these attributes if they are significant or essential to the role. This line 
only needs to be completed on the form for the first engineering role. 
If you are unable to assess the attribute level in any line, please circle 
“unknown”. 
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Mechanical Engineering Graduate Attribute Study 
Company:   Respondent: 
    Position: 
 
Contact phone:   
Fax:   
Email: 
Address: 
 
 
 
 
Industry/Products:…………………………………………………………………. 
Total number of employees  
Up to 20 20 – 100  100 – 500     500 – 2000  2000 and over
 
 
Total number of professional engineers (including new graduates). 
 
 
 
Total number of mechanical, manufacturing and mechatronics engineers  
Mechanical 
 
Manufacturing iMechatronics 
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Role  
Note: A separate survey form is required for each engineering role 
 
Please circle the most appropriate role.  If an engineering position has roles 
evenly split between two or more of the roles below, please circle each relevant 
role. 
 
1. Construction Supervision 
2. Design of Equipment and Processes (not product design). 
3. Management 
4. Production, Quality and Maintenance 
5. Project Study and Analysis 
6. Research and Development 
7. Sales and Marketing 
8. Teaching or Training 
9. Other (Please state)………………..……………………… 
 
Titles of the positions within your company that have this role (or roles). 
 
 
Discipline of engineers in the role above 
Mechanical 
 
Manufacturing iMechatronics 
 
 
Number of experienced engineers in the role circled above: 
 
 
Number of graduate engineers in the role circled above: 
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Mechanical Engineering Attribute Survey  
1. COMPUTER SKILLS 
• Applications e.g. Microsoft Project, Word 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Programming language e.g. C, Basic, Java 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
2.   WRITTEN COMMUNICATION 
• Reports 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Letters 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
• Memoranda 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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• Email 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
3.  ORAL COMMUNICATION 
• Seminar presentations 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
• Committees/group meetings 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• One-to-one technical 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• One-to-one non-technical 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
4.   INFORMATION SOURCES/MANAGEMENT 
• Library data bases 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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• Standards and statutory requirements 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Reference publications 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
• Internet 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
• Networking industry sources 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Information management 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
5.  TIME MANAGEMENT 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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6.   PROBLEM SOLVING 
• Recognition and formulation of a problem 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Analysis a) using Codes of Practice 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Analysis b) using computer programs 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Analysis c) using mathematical analysis 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Synthesis 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Ability to apply knowledge of science and engineering fundamentals 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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• In-depth knowledge of the laws, concepts and theories in the 
engineer’s discipline 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Broad engineering knowledge base 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Ability to recognise when to solve problems through engineering 
analysis 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Creativity 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Independent Thought 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
• Critical Thinking 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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• Intellectual Curiosity 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
7. MECHANICAL ENGINEERING KNOWLEDGE BASE 
(Main course streams.) 
• Stress analysis 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments e.g. most significant topics; level of knowledge required. 
_____________________________________________________________ 
 
 
• Applied mechanics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments e.g. most significant topics; level of knowledge required. 
_____________________________________________________________ 
 
 
• Fluid mechanics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments e.g. most significant topics; level of knowledge required. 
_____________________________________________________________ 
 
• Thermodynamics 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments e.g. most significant topics; level of knowledge required. 
____________________________________________________________ 
 
 
• Materials science 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments e.g. most significant topics; level of knowledge required. 
_____________________________________________________________ 
 
 
• Electrical/electronics engineering 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments e.g. most significant topics; level of knowledge required. 
_____________________________________________________________ 
 
 
 
 
 
 
 
 
 
• Manufacturing/production processes  
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments (Manufacturing/production processes): e.g. most significant topics; 
level of knowledge required. 
 
 
 
          
• Engineering management 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Comments e.g. most significant topics; level of knowledge required. 
____________________________________________________________________ 
 
 
8.  THE ABILITY TO KNOW WHEN TO CALL IN A 
SPECIALIST 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
9.  DESIGN SKILLS  
• Integration of sciences, open ended design related problems 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
 
• Holistic system engineering approach 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• 3D Visioning 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Dynamic visioning 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Customer oriented 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Whole of life cost effectiveness 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• An ability to sense the design calculations are “in the right ballpark” 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• An ability to sense the design looks sound 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Documentation e.g. manuals and records of agreements and design calculations. 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
• Principles of Sustainable Development 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Application of Standards and Statutory Regulations 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
10.   INNOVATION initiating and implementing ideas 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
11.  CADD Computer Aided Design and Drawing 
• Computer aided drawing 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
 
• Computer aided design 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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12.  ENGINEERING GRAPHICS manual drawing skills. 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
13. KNOWLEDGE OF ENGINEERING GRAPHIC 
CONVENTIONS AND SYMBOLS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
14.  MATHEMATIICAL SKILLS 
• Statistics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Algebra 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Calculus 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Geometry 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Vectors 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Other (Please state)………………………………………………………….. 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
15.  RESEARCH SKILLS 
• Experimental testing and measurement 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Data collection 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
  
• Research analysis 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
16.  PROJECT MANAGEMENT SKILLS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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17.  LEADERSHIP ability to lead and motivate a team. 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
18.  TEAM SKILLS to interact well in a multi-disciplinary and 
multi-cultural team 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
19.  PLANNING AND ORGANISATIONAL SKILLS including self-
management 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
20.  INTERPERSONAL/SOCIAL SKILLS e.g. customer relations 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
21.  ETHICS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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22.  OCCUPATIONAL HEALTH AND SAFETY AWARENESS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
23.  POLITICAL AWARENESS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
24.  ENVIRONMENTAL AWARENESS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
25.  SOCIAL AND CULTURAL AWARENESS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
26.  ENTREPRENEURSHIP 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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27.  BUSINESS SKILLS 
• Accounts 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Costing 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Budgeting and budget control 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Marketing 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
• Industrial relations 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
28.  RELIABILITY 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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29.  CONSCIENTIOUSNESS disciplined approach to work 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
30.  FLEXIBILITY ability to adjust to change 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
31.  EXPECTATION OF THE NEED AND THE CAPACITY TO 
UNDERTAKE, LIFELONG LEARNING. 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
32.  MODERN FOREIGN LANGUAGE SKILLS 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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Response block definitions of terms 
For Stage 1 and 2 engineering roles (lines 1 and 2): 
“No use” means that you anticipate that this attribute would never be used in your 
sector of the food industry. This attribute is completely irrelevant to the role. 
 
“Rare” means that you anticipate that this attribute is likely to be of some use during 
the engineer’s career but its use would be rare and relatively unimportant. This 
attribute has some minor use but is not important.   
 
“Occasional” means that this attribute would be required occasionally and on those 
occasions would have a minor but noticeable affect on the performance of the engineer.  
A useful attribute  
 
“Significant” means lack of this attribute would have a significant effect on the 
required performance of the engineer. The engineer may still be able to fulfil the 
essential duties of the role but his/her overall performance would be significantly 
reduced without this attribute.  An important attribute. 
 
“Essential” means the role cannot be performed without this attribute. Essential to 
include in the course.  An essential attribute. 
For new graduate attributes (line 3): 
“None” means the typical graduate can demonstrate no ability at all in this attribute. 
 
“Poor” means the typical graduate has noticeably deficient skills in this attribute. If 
this were a significant or essential attribute the graduate would need immediate further 
training to function adequately in the role.  
 
“Moderate” means the typical graduate can demonstrate a moderate level of skill in 
this attribute.  If this was a significant or essential attribute for the role the graduate 
could perform this to an adequate level but further training may be desirable. 
 
“Significant” means the typical graduate has a well developed level of skill in this 
attribute.  
 
“Excellent” means the typical graduate has exceptional skills in this attribute 
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Appendix eA3 Survey Results for Australian 
Mechanical Engineer Attribute Study  
—————————————————————————– 
This appendix is contained on the attached CD. It comprises an evaluation of 
industry/role weightings; respondent’s assessment of role based attribute 
significance, including the weighted averages and variances across industry sectors, 
as well as 3D charts depicting the weighted average significance and variance for 
each group of attributes.      
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Appendix A4  
Comparison of US, UK & Australian Mechanical 
Engineering Employment Distribution Profiles. 
—————————————————————————– 
A4.1 Introduction 
In chapters two and three we discussed the Anglo-American influence on the 
curriculum of Australian mechanical engineering courses and debated the suitability 
of this in light of the considerable differences in the professional employment 
environment and industrial profiles in Australia. In this appendix the differences in 
industrial profile are evaluated by comparing the Australian mechanical engineering 
adjusted industry distribution profile developed in Table A1.3 in Appendix A1 with 
those of the US and UK.  
 
In Appendix A1, following consideration of various ‘grey’ data sources, the best 
estimate of Australian mechanical engineering industrial profiles - both for (all) 
mechanical engineers and for graduate mechanical engineers119 - was determined to 
enable the selection of industries for the collective case study on mechanical 
engineering attributes. While significant deficiencies in the available data 
compromised the accuracy of our analysis, the results for (all) mechanical engineers 
enabled an approximate Australian mechanical engineering profile to be generated.  
 
                                                 
119 To clearly distinguish between the two groups, appendix A.1 referred to ‘(all) mechanical 
engineers’ when considering data from surveys based on mechanical engineers in Australia at all 
stages of their careers, and ‘graduate mechanical engineers’ when considering data from surveys 
restricted to mechanical engineers in Australia within the first year following graduation. 
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The best available source of statistical data on the UK mechanical engineering 
industrial profile is sample based with significantly greater sampling error than the 
Australian data derived in Appendix A1 but considerably less non-sampling error120.  
 
The best available source of data on the US mechanical engineering industrial 
profiles is much more comprehensive and because the survey is almost a census (at 
least of all but the smallest employers) is considerably more reliable than the UK and 
Australian data. Following a description of the US and UK sources of data, this 
appendix will compare mechanical engineering industrial profiles for the US and UK 
with that of Australia, taking into account substantial inconsistencies in the selection 
of industry categories used each of the three sets of data and the significant 
differences in survey methodology. 
A4.2 Available Sources of Data 
A4.2.1 (UK) Office of National Statistics Labour Force Survey, 
Spring Quarter 2001  
Ref: Engineering Council (2003) 
The data used in this analysis was developed from ‘SOC 2000 code 2122’ data 
collected by the (UK) Office of National Statistics (ONS) in their Spring Quarter 
2001 Labour Force Survey (LFS). This code deals with the occupational group 
‘mechanical engineers’ and includes engineers who are not registered with the 
Engineering Council and also some who are not degree qualified but have 
HND/HNC qualifications. 
  
The LFS is the largest representative sample of working age individuals in the UK 
and the spring quarter is the largest of the four quarterly surveys.  10,000 people 
aged 16 years and over are interviewed each week during the quarter to give a 
sample size of approximately 130,000 people from about 60,000 households. This is 
then scaled up to the ONS derived national population which is calculated annually 
                                                 
120 Non-sampling error is coverage error, measurement error and response error as defined in 
Appendix 1.1 p.2. 
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to account for births, deaths and migration. At the time of this analysis, publication 
of LFS results are currently delayed by the population analysis which takes 18 
months, however processes are being developed to provided earlier interim results .  
 
Although the LFS itself is large it is representative of a population approaching 59 
million (including those not of working age). The sample size of mechanical 
engineers is only about half that of the APESMA survey used in Table A1.3 and yet 
the population of mechanical engineers in the UK is more than double that of 
Australia. An estimate of the number of mechanical engineers in Australia in 1999 is 
approximately 28,300121 and the LFS estimate for the number of mechanical 
engineers in the UK in 2001 is 60,965. Thus the LFS is subject to considerable 
sampling error. Cells of less than 10,000 should be treated with some caution as this 
equates to approximately 30 respondents, a relative standard error of about 20% and 
an approximate 95% confidence interval of +/- 4,000.  
 
However for non-sampling errors, careful analysis involved in sample selection 
minimises coverage error and the interview process minimises measurement and 
non-response errors. Like the US National Science Foundation (see below), the ONS 
use an imputation process to compensate for non-respondents. There is however a 
26% double count error122 in the results.   
The data used in this appendix was kindly provided to the candidate in spreadsheet 
form by the (UK) Engineering Council for the purpose of this analysis and is not 
available at this level of detail in any published form. 
 
 
                                                 
121 Rice (2001c) estimates the Professional Engineering Labour Force (PELF) for 1999 as 142,270 
and the proportion of mechanical engineers in the PELF as 19.9%. 
 
122 The ONS survey records a total number of mechanical engineers in employment of 60,965. While 
over 99% of respondents provided industry details (equivalent to a total population of 60,407), the 
total industry count was 76,176. This 26% double counting in the mechanical engineering category 
compares with an overall double count for engineering of 15.8%. 
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A4.2.2 Scientists, Engineers and Technicians in the United States: 
1998, Detailed Statistical Tables  
Ref: Morrison 2002 
This (US) National Science Foundation report presents estimates of the total number 
of positions filled by scientists, engineers and technicians employed in the US 
economy and are developed from the Occupational Employment Statistics (OES) 
Survey.  The OES survey is a joint Federal and State project in which the Bureau of 
Labor Statistics of the US Department of Labor develops the procedures and 
provides technical guidance whilst the State Employment Security Agencies of all 
fifty states, the District of Columbia, Puerto Rico, the Virgin Islands and Guam 
implement the survey at state level. Standardising procedures across so many 
participating bodies was the main concern in this survey. 
The Division of Science Resource Statistics of the National Science Foundation has 
since 1977 enhanced the OES survey by funding the collection of more detailed 
statistical information on scientific engineering and technical industrial employment. 
Considerable care was taken to minimise the four sources of survey error: sampling, 
coverage, non-response and measurement error (reference Appendix A.1). 
A.4.2.2.1 Sampling and coverage error 
This survey was carried out over the three year period 1996-1998 and all larger 
establishments were sampled with virtual certainty over this period. Prior to 1988 
establishments with 1-4 employees were not included in the survey but this was 
compensated by assigning a weighting to establishments with 5-9 employees. 
Controlling the sources of sampling error across so many participating bodies is a 
concern in this survey.  However the high proportion establishments sampled in the 
three years of this survey ensures that sampling and coverage errors are low. One 
variation from the Australian and UK samples is that in the US surveys those 
employed in technical and higher education as professors or lecturers are categorized 
as engineering teachers, postsecondary and not as mechanical engineers’ (Tsapogas, 
2003). However with only 980 mechanical engineers employed in Colleges, 
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Universities and Professional schools (Bureau of Labor Statistics 2002) this amounts 
to less than 0.5% of the total population of US mechanical engineers.  
A4.2.2.2 Non-response error 
 Response rates for the survey are high: 72.7% in 1996; 78.6% in 1997; and 78.2% in 
1998. To achieve these high response rates personal visits were made to some of the 
larger establishments, with initial mailings to the other establishments; two 
additional mailings were made to non-respondents; and follow-up telephone calls 
and in some cases personal visits were also made to more critical non-responding 
establishments.        
 
A ‘nearest neighbour’ imputation process was then used to compensate for non-
respondents. This searches for responding establishments that most closely match the 
non-responding establishments in terms of location, number of employees and 
industry group and substitutes the employment distributions of these respondents for 
those of the non-respondents.  The combined effects of high response rate and the 
imputation process combine to minimise non-response error.  
A4.2.2.3 Measurement error 
Response analysis studies were also carried out to assess and minimise measurement 
error.  
 
Thus it can be seen that great care has been taken to minimise all sources of error in 
these statistical tables. Table A-3 Employed engineers, by broad industry group of 
employment and detailed occupation: 1998 is the relevant table used in our analysis. 
A4.3 Mechanical Engineers as a Proportion of 
Population 
The US survey (1996-8) indicated 203,900 mechanical engineers in a population of 
268 million (1997); the UK survey (2001) indicated 60,965 mechanical engineers in 
a population of 58.7 million (2001) and the Australian survey (Dec 2002) indicated 
28,300 mechanical engineers in a population of 19.9 million (July 2003). Thus as a 
proportion of the population Australia has the greatest number of mechanical 
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engineers with approximately 1420 per million compared to 1040 per million in the 
UK and 760 per million in the USA.  
A4.4 Broad Survey Comparisons 
There are some inconsistencies between the US, UK and Australian surveys due to 
significant variations in the way these surveys were conducted. These include: 
• Inconsistencies in the employment categories used in the three main surveys 
used in this analysis. As the US survey is the most detailed and accurate this 
analysis will use the US employment categories in which mechanical 
engineers are employed and allocate each named UK and Australian 
employment category to the most appropriate corresponding US category.     
• As the sample population in Australian survey was derived from professional 
engineering association membership, mechanical engineers whose career 
interests are less associated with engineering may be significantly under 
represented (or not represented).  
• It is noted above under ‘Sampling and coverage error’ that the US statistics 
do not include mechanical engineers employed as academics. 
 
These inconsistencies however are minor and do not obscure the ‘big picture’. Table 
A4.1 on the following pages provides a detailed comparative breakdown and Table 
and Figure A4.2 presents the differences in the major employment categories without 
consideration of the make up of each category. Following that we will consider and 
discuss the significant sub-categories.  
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Table A4.1 Industry Employment Profile Comparison of US, UK and Australian Mechanical Engineers. 
Industry     US        UK         Australia  
     No.  %age     No.  %age      %age 
 
Total       203,900        60,965 
 
Agriculture forestry & fishing     0     0%         0     0%         0%   
Mining      300  0.15%     854  1.12%     10.40% 
 Metal     < 
 Coal      100  0.05% 
 Gas      200  0.10%     383  0.50%     3.70% 
          Other mining & quarrying 471  0.62%     6.70% 
 
Construction           5,300           2.60%     3,684  4.84%     6.30% 
 General Building       800  0.39%      
 Heavy Construction 
  (excluding building)         3,400  1.67%      Construction, Contract and Maintenance 6.30%123 
 Special trade contractors  1,100  0.54%   
 
Manufacturing          127,600 62.58%     30,166 39.60%     41.10% 
 Food & kindred    2,000   0.98%      
 Tobacco       200  0.10%  
          Food beverages & tobacco     863  1.13%      3.60% 
 Textile mill products   800  0.39%          
  
                                                 
123 Sectors with grater than 5% of the nation’s mechanical engineers have the %age in bold. 
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 Industry     US        UK         Australia  
Manufacturing continued:   No.  %age     No.  %age      %age 
 Apparel & other textile products 300  0.15%      
          Textiles & leather products    310  0.41% 
 Lumber and wood products  800  0.39% 
 Furniture and fixtures        1,100  0.54%  
                  Wood & paper products 0.70% 
 Paper & allied          1,900   0.93% 
 Printing & publishing   300  0.15% 
          Pulp paper & publishing 996  1.31% 
 Chemicals & allied         4,600  2.26% 
         Chemicals & man-made fibres 582  0.76% 
                  Chemicals & petroleum 4.10% 
 Petroleum & coal products     600  0.29% 
         Solid & nuclear fuels/oil refining 1,058  1.39%  
   
      Rubber & miscellaneous        5,600  2.75% 
 Leather and leather products      0       0%     
 Stone clay & glass          1, 500  0.74%    
                  Non-metallic minerals  0.50% 
   Primary metal products        3,500  1.72% 
                  Steel Production   2.20% 
                  Basic metal products  1.70% 
         Basic metals & metal products 8,237  10.81%      
 Fabricated metal products         11,300  5.54%             4.20% 
 Industrial machinery &equipment 38.400 18.83%     3.747  4.92%     4.7% 
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Industry    US        UK         Australia  
 Manufacturing continued:  No.  %age     No.  %age      %age 
               Appliances and electrical 2.00% 
 Electronic & other equipment        15,000 7.36% 
      Electrical & optical equipment 2,705  3.55% 
 Transportation equipment      24,800  12.16%            10.941        14.36%     12.60%  
 Food & kindred       14,100   6.92%      
               Scientific equipment      0.70% 
 Tobacco        900  0.44%     727  0.95%     4.20% 
 
Transportation, communication & public utilities 
       3,400  1.67%     3,918  5.14%     13.50% 
        Electricity (generation & distribution)   870  1.14%      
        Gas manufacture & distribution        0       0% 
                  Electricity and gas supply  8.10% 
 Rail road transportation        0   0%         406  0.53%  
 Trucking & warehouse         0   0% 
 Water transportation      100   0.05%     1,866  2.45% 
         Water (collection and distribution)        0       0% 
         Sewage and refuse collection         0       0% 
                  Water, sewage & drainage 1.6% 
 Transportation by air         0  0%              0      0%       
 Pipelines except natural gas    100  0.05%         
 Transportation services       0  0% 
         Other transport services     353  0.45% 
                  Transport & storage  3.8% 
         Other land transport       423 0.56%  
Industry     US        UK         Australia  
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Transportation etc. cont:    No.  %age     No.  %age      %age 
 Communications      400  0.20%               
         Telecommunications          0  0% 
 Utilities & sanitary services  2,800  1.37% 
 
Wholesale trade     7,400      3.63%     413     0.54% 
 Durable goods    7,000  3.43% 
 Non-durable goods      400  0.20% 
 
Retail trade     100  0.05%     0  0% 
 Misc. retail stores   100  0.05%  
 
Finance Insurance, real estate  1,000  0.49%     15,972 20.97% 
 Depository institutions                0  0% 
 Non-depository institutions     0  0% 
 Security and commodity brokers    0  0% 
        Financial Intermediation       431 0.57% 
 Insurance carriers   100  0.05%  
 Ins agents, brokers and services     0   0% 
 Real estate     900  0.44% 
        Real estate, renting, business activities 15,541 21.40%       
 Holding & other investment offices   0  0% 
 
Services      58,800 28.84%     21,169 27.79%     23.90% 
 Hotels & other lodging places  1,900 0.93%      
         Hotels and restaurants    0 0% 
 Personal services            0 0%       
Industry     US        UK         Australia  
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Services continued:    No.  %age     No.  %age      %age 
 Business services    8,700 4.27%       
 Auto repair, services & parking         0 0%  
        Motor vehicle sales & repairs 1,793  2.35% 
 Misc. repair services      <  0% 
 Motion pictures           0  0%       
 Amusement & recreation services          0 0% 
 Health services    1,700  0.83% 
        Health & social work                0  0% 
        Hospital activities                         0  0% 
 Legal services        0  0% 
 Education services       0  0%       425  0.56%     1.20% 
 Social services        0  0% 
 Museum, botanical & zoological gardens 
           0  0% 
 Membership organisations      0  0% 
 Engineering &management services  
           46,400  22.76% 
         Engineering consulting, designing, 
          & contracting   12,587 16.52%     16.20% 
 Services not elsewhere classified 100  0.05%              0 0% 
         Public administration    3,182 4.18%     0.90% 
         Defence activities    3,182  4.18%     5.50%  
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Table and Chart A4.2 Comparison of major employment categories 
of US, UK and Australian mechanical engineers.   
 
 USA UK Australia 
Mining 0.15% 1.12% 10.40%
Construction 2.60% 4.84% 6.30%
Manufacturing 62.58% 39.60% 41.10%
Transport, communications, public 
utilities 
1.67% 5.14% 13.50%
Wholesale trade 3.63% 0.54% 0.00%
Finance, insurance, real estate 0.49% 20.97% 0.00%
Services 28.84% 27.79% 23.90%
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The very significant proportion of UK mechanical engineers in the finance, insurance 
and real estate sectors distorts the true profile of actively employed mechanical 
engineers. 20.97% of UK mechanical engineers are recorded as being in this sector 
compared to only 0.49% US mechanical engineers (mainly in real estate). No 
surveyed Australian engineers are recorded as being employed in this sector. The UK 
sub-sector breakdown provides only two sub-categories: ‘financial intermediation’ 
(0.57%) and ‘real estate, renting, and business activities’ (20.4%) and so the statistics 
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do not provide much assistance in determining the reason. However critical 
influencing issues include:  
• The significance of the UK as a major international centre for engineering 
related insurance (such as marine insurance) which employs a substantial 
number of professional mechanical engineers in risk assessment and claims 
investigations.  
• The phenomenon of recruiting engineers into ‘financial engineering’124 as 
described in chapter 3.  
• The ‘household’ focus of the UK survey in comparison with the US 
‘establishment’ focus and the Australian ‘profession’ focus may be more 
likely to capture those who have moved out of the profession into these 
business fields.   
 
Notwithstanding the significance of the engineering related insurance industry, for 
such a large proportion of UK mechanical engineers it is realistic to regard the 
majority of UK mechanical engineers listed in this category not to be engaged as 
mechanical engineers. Consequently a more accurate assessment of the distribution 
of mechanical engineers employed in professional mechanical engineering roles 
would be obtained by removing the engineers listed in this category. As most of the 
limited number of US mechanical engineers in this category are employed in real 
estate the same conclusion can be drawn in relation to US mechanical engineers. 
Thus Table and Figure A4.3 exclude engineers engaged in finance insurance and real 
estate from the survey to provide a more realistic comparison. 
It can be seen that two industry sectors are considerably more significant for 
Australian mechanical engineers than those in the UK or the US: the mining industry 
and the transport communications and public utilities industry. On the other hand 
both the UK and the US have a far greater proportion of mechanical engineers in 
manufacturing. The US has almost 63%; the UK has over 50% whilst Australia has 
only 41.1%. 
                                                 
124 Mechanical engineers recruited into ‘financial engineering’ are recruited for their analytical skills 
not as mechanical engineers. 
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Table and Chart A4.3 Adjusted comparison of major employment 
categories of US, UK and Australian mechanical engineers125   
 
 USA UK Australia 
Mining 0.15% 1.42% 10.40%
Construction 2.61% 6.12% 6.30%
Manufacturing 62.89% 50.11% 41.10%
Transport, communications, 
public utilities 
1.68% 6.50% 13.50%
Wholesale trade 3.65% 0.68% 0.00%
Services 28.98% 35.16% 23.90%
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A4.4.1 The Mining Sector 
The mining sector provides the greatest proportional variation in industry profile for 
mechanical engineers across the three nations (refer to Table and Figure A.4.3 
above). The more detailed breakdown in Table A4.1 shows a far greater proportion 
of mechanical engineers (3.7%) employed in the Australian oil and gas sub-sector of 
the mining industry than in the UK with 0.5% (0.63% adjusted). Australia is a net 
                                                 
125 This table is adjusted to exclude mechanical engineers engaged in the finance, insurance and real 
estate sector. 
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exporter of oil and gas whilst the UK is virtually self sufficient. The US oil and gas 
industry employs only 0.1% of the nation’s mechanical engineers. The US is a 
significant net oil importer and the world’s largest per capita consumer. US figures 
show its remaining mining sector mechanical engineers (0.5) are employed in the 
coal sector. Details available for the UK and Australia do not specify the mining 
sectors in which the non-oil and gas mechanical engineers are employed however, as 
can be anticipated, overall the proportion of Australian mechanical engineers (6.7%) 
far exceeds that for the UK with 0.62% (0.78% adjusted).   
A4.4.2 Transport, Communications and Public Utilities  
This is the second of the sectors shown in Table and Figure A.4.3 to be more 
significant to Australian mechanical engineers than those in the US and UK. Table 
A4.1 shows that the major contributors to the significant differences in this sector 
are: 
• Electricity and gas supply with 8.1% of mechanical engineers in Australia 
compared to 1.14% (1.44% adjusted) in the UK. There are no figures 
available for the US (insignificant).   
• Transport services sector with 3.8% of mechanical engineers in Australia and 
0.45% (0.57% adjusted) in the UK. Again, there is an insignificant proportion 
in the US.  
• Water sewage and drainage with 1.6% of mechanical engineers in Australia 
and insignificant in the UK and US126.  
It is notable however that mechanical engineers are significantly represented in water 
transportation in the UK with 2.45% (3.15% adjusted) whilst the comparative figure 
for the US is 0.05%127 and are not available (insignificant) in Australia. This in part 
reflects the continuing significance of the shipping industry to the UK but is also 
most likely heavily influenced by variations in the sampling methods between the 
three countries.   
                                                 
 
126 In the US the provision of engineering functions for public utility functions such as water and 
sewerage services are most often outsourced to consulting firms. This transfers engineers from this 
category to the services category.    
 
127 Due to the minor impact of the finance, insurance and real estate sector on the US figures 
adjustments to the US figures are trivial and will be ignored here.  
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A4.4.3 Construction 
This industry sector is more significant to Australian and UK mechanical engineers 
than those in the US. In Appendix A.1 this sector was shown to have considerable 
employment volatility. Only the US figures have a breakdown of sub-sectors. This 
shows 64% of mechanical engineers in the US construction industry are employed in 
heavy construction excluding buildings.    
A4.4.4 Manufacturing 
Whilst the US and the UK employs a much greater proportion of its mechanical 
engineers in the manufacturing industry than Australia, of even greater interest to 
this study are the notable differences in manufacturing industry profile. 
 
The proportion of Australian mechanical engineers employed in transportation 
equipment (12.60%) is about the same as that for US mechanical engineers (12.16%) 
whilst the UK proportion is greater at 14.36% (18.2% adjusted). Table A4.1 gives no 
breakdown by transportation equipment sub-sector. However raw survey data 
provided by Dominic Angerame, Research and Surveys Manager of APESMA 
showed this sub-sector to be dominated by the automobile manufacturing companies 
and major tier suppliers.  In the US and UK aerospace forms a major part of the 
transport equipment sub-sector in which mechanical engineers play a significant role 
whilst ship building and rolling stock (train) manufacture is a now diminished but 
still notable component. Thus both countries have greater diversity than Australia 
within this sub-sector. 
 
In Australia there is no other single manufacturing sub-sector that employs close to 
the same number of professional mechanical engineers. The next largest 
manufacturing sub-sector is industrial machinery and equipment with 4.7% of 
Australia’s mechanical engineers. With a global oversupply of cars and hampered by 
a small domestic Australian economy, a heavy reliance on automobile manufacture 
should be of some national concern 
 
In the US the industrial machinery and equipment sub-sector employs 18.83% of 
their mechanical engineers. That’s over 50% more than their transportation 
equipment sub-sector. They also have three more industries that employ a greater 
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proportion of mechanical engineers than Australia’s second manufacturing sub-
sector: ‘electronic and other electric equipment’ with 7.36%; ‘instruments and 
related products’ with 6.92%; and ‘fabricated metal products’ with 5.54% of US 
mechanical engineers. Thus the US manufacturing industry not only employs a much 
greater proportion of mechanical engineers than Australia but has a healthy diversity 
of large manufacturing sub-sectors.  
 
The UK has a greater proportion of mechanical engineers in a more diversified 
transport equipment sub-sector than Australia or the US. Its second manufacturing 
sub-sector ‘basic metals and metal products’ employs a further 10.81% of UK 
mechanical engineers; significantly greater than Australia’s second manufacturing 
sub-sector. Even it’s third largest manufacturing sub-sector in terms of employment 
of mechanical engineers, ‘industrial machinery and equipment’ with 4.92% is 
marginally greater than the same industry in Australia.  
A4.4.5 Services 
Overall the three countries have a similar proportion of mechanical engineers in the 
services sector. The most significant sub-sector is consulting. In the US this is falls 
in the sub-sector ‘engineering and management services’128 within which a massive 
22.76% of US mechanical engineers are employed. The nearest equivalent sub-sector 
in the UK and Australia is ‘engineering consulting, designing, and contracting’ 
employing 16.52% and 16.20% mechanical engineers respectively. These figures 
clearly show the level of outsourcing of engineering functions is significant in all 
three countries. 
                                                 
128 Note that whilst similar proportions of mechanical engineers in the UK and Australia are employed 
in defence activities (4.18% and 5.6% respectively) no equivalent figure for the US is provided. Thus 
it is probable that US defence activities are contained in the ‘sub-sector engineering and management 
services’. Note also the US use of consultants in the water and sewage service sector as discussed 
earlier. 
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A4.5 Summary 
Disparities between the three economies and between their sampling methods in 
collecting the statistical data relevant to this study make the formulation of precise 
conclusions impossible. However this comparison of employment profiles in the US,  
UK and Australia has confirmed continuing substantial differences in the 
employment profile of the three nations and has shown the necessity for the research 
into the attribute profile requirements for Australian mechanical engineers presented 
in this thesis. 
 
Mechanical engineering has significant historic links with manufacturing and Table 
A4.3 shows that this industry still employs at least half of the mechanical engineers 
in the UK and US. However in Australia only 41.1% are employed in manufacturing 
and within that sector there is acute reliance on just one sub-sector – the automobile 
industry.  
 
The proportional differences in overall employment profile are most notable in the 
mining industry and the transport, communication and public utility sectors. As in 
Australia these non-manufacturing industries employ considerably larger proportions 
of mechanical engineers than the same industries in the UK and US. The six 
industries chosen for the attribute study include mining and the electrical and gas 
supply industry; the latter of which forms the most significant element of the 
transport, communication and public utility sectors for Australian mechanical 
engineers.   
 
This study should ensure more adequate recognition of these industries and enable 
proper recognition of the critical importance of the automobile industry to the 
Australian manufacturing sector in the development of suitable mechanical 
engineering attributes. 
 
  
Appendix B1 Food Engineering Course Study 349  
Appendix B   
Food Industry Engineering Course Study 
—————————————————————————– 
Overview 
Appendix B consists of the following food industry engineering course study related 
sub appendices:129 
 
Appendix B1 Food Industry Engineering Course Survey Instrument   
This is the survey instrument used in the food industry engineering course 
study. 
 
Appendix eB2 Survey Results for Food Industry Engineering Course Study. 
This comprises an evaluation of industry/role weightings; respondent’s topic 
significance and graduate expertise levels evaluations, including the weighted 
averages and variances across industry sectors and 3D charts depicting the 
weighted average significance and variance for each topic group. 
 
 
 
 
 
 
                                                 
129 Note: appendix eB2 is contained on the attached CD  
 
 
 
 
Appendix B1 Food Industry Course Survey Instrument 350  
 
Appendix B1  
Food Industry Course Survey Instrument  
 
 
 
BE/Postgraduate Diploma in Food Industry Engineering 
Company:    Respondent: 
     Position: 
Contact phone: 
Fax: 
Email: 
Address: 
 
 
 
Food Industry Sector/ Products:……………………………………………………. 
Total number of employees  
up to 20  20 – 100  100 - 500     500 – 2000            2000 
and 
over 
 
 
Total number of professional engineers (including new graduates)  
 
 
 
Total number of engineering associates  
(Paraprofessional engineers e.g. with TAFE certificate or diploma) 
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Role  
Note: A separate survey form is required for each engineering role 
 
Please circle the most appropriate role.  (If an engineering position has roles evenly split 
between two or more of the roles below, please circle each relevant role.)  
 
1. Design of Equipment and Processes (not product design). 
2. Management 
3. Production, Quality and Maintenance 
4. Project Study and Analysis 
5. Research and Development 
6. Sales and Marketing 
7. Teaching or Training 
8. Construction Supervision 
9. Other (Please state)………………..……………………… 
Titles of the positions within your company that have this role (or roles). 
 
 
Number of experienced engineers in the role circled above: 
 
Engineering discipline of engineers engaged in this role 
Chemical Mechanical Manufacturing Mechatronics Electrical Electronic 
 
Other (Please 
state)………………………………………………………………………………… 
 
Number of graduate engineers in the role circled above: 
 
 
Number of engineering associates/technologists (TAFE Diploma): 
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Course Content Study 
 
The following information is to enable us to determine the most significant content to 
include in a Bachelor of Engineering in Food Manufacture.  
Note: 
• A “Stage 1” engineer is a graduate engineer with less than 3 years professional 
experience. 
• A “Stage 2” engineer is an engineer eligible for chartered membership of the 
Institution of Engineers, Australia and thus has at least 3 years professional 
experience. 
• For easy reference, definitions of the other terms used in each response block are 
given on the back page of this survey instrument. 
 
Please assess the following skills, knowledge bases and attributes of your 
engineers by circling the appropriate box within the each response block as 
follows: 
1. In the first line of the response block, please assess the value of the attribute 
to the role at graduate engineer (stage 1) level.  
2. In the second line of the response block, please assess the value of the 
attribute to the role at professional engineer (stage 2) level.  
3. In the third line of the response block, please make your assessment of the 
typical standard of the skill level a typical new graduate demonstrates when 
(s) he first joins your company.. This will flag the need for special attention 
to particular attributes in the course. This line (and the course viability 
survey) only needs to be completed on the form for the first engineering role. 
 
If you are unable to assess the appropriate attribute in any of these lines, please 
circle “unknown”. 
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FOOD SCIENCE  
Biological and Physical Properties of Food  
(This relates to issues such as shelf life, stability, rate of change of composition, effecting the quality 
and safety of food)  
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Food Storage and Preservation 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Hazard Analysis and Critical Control Points (HACCP) 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Sterilisation Techniques 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Sensory Evaluation 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Laboratory Skills 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
 
Hygiene and Sanitation 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Occupational Health and Safety 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
ENGINEERING 
Materials Handling Equipment e.g. conveyors, vacuum lifters, vibratory feeders. 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Materials Handling Systems e.g. conveyor analysis, line balancing,  
plant/facility layout, warehouse design. 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Process Equipment e.g. packed towers, reactor vessels. 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Packaging Equipment 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
 
 
Plant Design 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Machine Dynamics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Force Analysis and Strength of Materials 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Properties of (Engineering) Materials 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Pump and Pipeline Systems 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Pumps other than Centrifugal 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Rheology  (Viscosity, Elasticity, Plasticity) 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Non-Newtonian Fluids 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Pneumatics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Air-conditioning 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Refrigeration 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Heat Transfer 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Heat and Mass Balances 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Thermodynamic Processes and Properties 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Heat Recovery 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Waste Handling and Treatment 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Industrial Pollution Control 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Quality Control 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Quality Failure Investigation 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Preventive Maintenance 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Plant Failure Investigation/Commissioning 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Control Systems 
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Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Programmable Logic Controllers 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Computer-Aided Design and Drafting 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Process and Instrument Diagrams/ Schematics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
International/Australian Engineering Drawing Conventions 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Other (Please state)………………………………………………… 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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MATHEMATICS 
Statistics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Geometry 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Algebra 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Calculus 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Matrices 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Vectors 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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Complex Numbers 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Other (Please state)………………………………………………… 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
SCIENCE 
Organic Chemistry 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Inorganic Chemistry 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Microbiology 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Biochemistry 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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Physics 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Other (Please state)………………………………………………… 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
MANAGEMENT 
Project Management/Project Engineering 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Contract Administration 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Industrial Relations 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Human Resource Management 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Appendix B1 Food Industry Course Survey Instrument 362    
 
Budgeting and Budget Control 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Risk Assessment  
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Other (Please state)……………….………………………………………… 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
INFORMATION SOURCES 
Library e.g. index and abstract databases 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Australian/International Standards 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Networking e.g. Suppliers, other Manufacturers 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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Internet 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
In-house Resources 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
 
Other (Please state)……………….…………………………………………… 
Stage 1 engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Stage 2  engineer  No use  Rare  Occasional  Significant  Essential    Unknown 
Current graduate   None   Poor   Moderate  Significant  Excellent    Unknown 
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Course Viability 
UNDERGRADUATE COURSES 
The following information is to enable us to establish demand for a suitable 
undergraduate course in food industry engineering both for on and off-campus 
delivery. 
1. How many graduate engineers do you expect to recruit over the next 5 
years?    
 
2.  Would you prefer to recruit engineering graduates from a food industry 
engineering course than from traditional engineering course such as 
chemical, mechanical or manufacturing engineering? 
 
More likely from food 
engineering course 
No preference More likely from a 
traditional engineering 
course.  
 
Reason?………………………………………………………………. 
 
3.  Would the study flexibility of distance education be a significant factor in 
course choice? 
 
Major 
disadvantage 
Minor 
disadvantage 
Not important Minor 
advantage 
Major 
Advantage 
 
4. Would you encourage any of your current technologists to enrol by distance 
education study?  (Credit for their current qualifications and experience would 
be given.)   
Y / N 
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5. Does your company support current employees in their continuing 
education by allowing time release and/ or fund their educational expenses?  
Y / N 
 
6.   Do you feel your industry body should provide scholarships? 
Y / N 
POSTGRADUATE COURSES 
The following information is to establish course demand and to enable us design a 
suitable postgraduate course. 
 
Please estimate the number of your graduate and professional engineers who 
may be interested in studying a postgraduate food-engineering course. 
  
  Mechanical Chemical Electrical Manufacturing Other 
(Please 
State) 
Postgraduate 
Certificate 
(4 units of study) 
 
     
Postgraduate 
Diploma 
(8 units of study) 
 
     
Master of 
Engineering 
(ME) by course 
work 
(12 units of 
study) 
 
     
   
Note: Eight units of study is the equivalent of a year of full time study. 
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Response block definition of terms 
For Stage 1 and 2 engineering roles (lines 1 and 2) 
“No use” means you anticipate that this attribute would never be used in your sector of 
the food industry. This attribute is completely irrelevant to the role. 
 
“Rare” means you anticipate that this attribute is likely to be of some use during the 
engineer’s career but its use would be rare and relatively unimportant. This attribute 
has some minor use but is not important.   
 
“Occasional” means this attribute would be required occasionally and on those 
occasions would have a minor but noticeable affect on the performance of the engineer.  
A useful attribute  
 
“Significant” means lack of this attribute would have a significant effect on the 
required performance of the engineer. The engineer may still be able to fulfil the 
essential duties of the role but his/her overall performance would be significantly 
reduced without this attribute. An important attribute. 
 
“Essential” means the role cannot be performed without this attribute. Essential to 
include in the course. An essential attribute. 
For new graduate attributes (line 3): 
“None” means the typical graduate can demonstrate no ability at all in this attribute. 
 
“Poor” means the typical graduate has noticeably deficient skills in this attribute. If 
this was a significant or essential attribute the graduate would need immediate further 
training to function adequately in the role.  
 
“Moderate” means the typical graduate can demonstrate a moderate level of skill in 
this attribute.  If this was a significant or essential attribute for the role the graduate 
could perform this to an adequate level but further training may be desirable. 
 
“Significant” means the typical graduate has a well developed level of skill in this 
attribute.  
 
“Excellent” means the typical graduate has exceptional skills in this attribute. 
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Appendix eB2  
Survey Results for Food Industry Engineering 
Course Study 
 
Appendix eB2.is contained on the attached CD. It comprises an evaluation of 
industry/role weightings; respondent’s topic significance and graduate expertise 
levels evaluations, including the weighted averages and variances across industry 
sectors, and 3D charts depicting the weighted average significance and variance for 
each topic group. 
 
Attributes for Australian Mechanical Engineers through 
Proximal and Distance Education – Clive Ferguson 
These appendices form part of the thesis ‘Attributes for Australian Mechanical 
Engineers through Proximal and Distance Education’ submitted in fulfilment of the 
requirements for the degree of Doctor of Technology.  
  
Microsoft ® Excel 2002 SP- 2 or later is required to access these appendices. Each 
comprises a Survey Results sheet, a Weightings sheet and various charts accessed by 
the tabs across the bottom of the screen. 
  
Appendix eA3: Survey Results for the Australian Mechanical 
Engineer Attribute Study. 
This comprises:  
Weightings tab: An evaluation of industry/role weightings. 
Survey Results tab:  
•        The respondent’s assessments of the significance of the various 
attributes to the role and new graduate expertise level.  
•        Weighted averages and variances across industries/roles and,  
•        Charts depicting the variation of significance and graduate expertise in 
each attribute across all surveyed roles  
Chart tabs: Includes charts depicting the weighted average significance and 
variances for groups of allied attributes.    
Click to view  Australian Mechanical Engineer Attribute Study Excel 
spreadsheet 
  
Appendix eB2: Survey Results for the Food Industry Engineering 
Course Study. 
This comprises: 
Weightings tab: An evaluation of industry/role weightings. 
Survey Results tab:  
•        The respondent’s assessments of the significance of the topic/expertise 
and new graduate expertise level.  
•        Weighted averages and variances across industry sectors and,  
•        Charts depicting the variation of significance and graduate expertise in 
each topic across all surveyed roles  
Chart tabs: Includes charts depicting the weighted average significance and 
variances for groups of allied study topics. 
Click to view  Food Industry Engineering Course Study Excel spreadsheet  
 
Industry Consulting Engineering
Consulting 
Engineering  Manufacturing  Manufacturing
Sub-sector Building Services Industrial
Transport 
Equipment - Prime 
Manufacturer
Transport 
Equipment - Prime 
Manufacturer
Role CAE Engineer CAD Engineer
Industry/Role Number 1 2 3 4
Type of Engineer
  Mechanical 40% 66% 60% 100%
  Manufacturing 34% 30%
  Mechatronic 10%
Role Functions
  Construction Supervision 9 9
  Design of Equipment and Processess 9 9
  Management (including Project Management) 9 9
  Production, Quality and Maintenance 9
  Project Study and Analysis 9 9 70% (incl PD) Minimal
  Research and Development 9 20% Minimal
  Sales and Marketing 9 9
  Teaching or Training 9 10%
Others:
    Product Design see above Main function
Note: This is an 
entry level role for a 
new graduate 
engineer
Weighting 12.61 17.43 2.11 0
LEGEND Stage 1 and 2 Engineers How important som
blank Unknown: The respondent felt u
0  No use' Irrelevant to the role.
1  Rare'              Minor use but unimpo
2 Occasional Useful. Occasionally 
3  Significant' Essential duties could
4 Essential' The role cannot be pe
ATTRIBUTES
Computer Skills Average Variance
Applications ( e.g. Microsoft Project, Word )
Stage 1 Engineer 3.706912074 0.27660822 4 4 2 4
Stage 2 Engineer 3.727018105 0.297092369 4 3 2 4
New Graduate's Ability 3.258077423 0.439147769 2 4 2.5 1
Programming Language ( e.g. C, Basic, Java )
Stage 1 Engineer 0.913574072 0.738404321 1 2 1 2
Stage 2 Engineer 0.845953786 0.441059201 1 1 1 1
New Graduate's Ability 0.902224003 1.320218418 1
Written Communication
Reports
Stage 1 Engineer 3.121836551 0.417485554 3 3 4 2
Stage 2 Engineer 3.847554266 0.185622957 4 4 4 3
New Graduate's Ability 2.399882284 1.536465122 2.5 3 1.5 1
Letters
Stage 1 Engineer 2.418025408 0.806249057 3 3 0 2
Stage 2 Engineer 3.049814944 1.435549881 4 4 0 2
New Graduate's Ability 2.187839171 1.604697133 2 3 1
Memoranda
Stage 1 Engineer 2.77613284 0.863757657 3 3 1 2
Stage 2 Engineer 3.007202161 1.054864604 3 4 1 2
New Graduate's Ability 2.041200706 1.379124572 1 3 2 1
Email
Stage 1 Engineer 3.787936381 0.167092641 4 4 4 4
Stage 2 Engineer 3.858057417 0.121794886 4 4 4 4
New Graduate's Ability 3.160348104 0.90906892 3 4 4 2
Oral Communication
Seminar Presentations
Stage 1 Engineer 2.295388617 1.128410265 3 2 4 1
Stage 2 Engineer 3.351705512 0.899810285 4 4 4 2
New Graduate's Ability 2.437685629 1.547698237 2 2 2 1
Committees / Group Meetings 
Stage 1 Engineer 2.676102831 0.289408919 2 3 3 3
Stage 2 Engineer 3.653646094 0.230068981 3.5 4 3 4
New Graduate's Ability 2.56086826 0.246295055 2 3 2 1.5
One-to-One Technical
Stage 1 Engineer 3.424027208 0.284240139 3 3 4 4
Stage 2 Engineer 3.78123437 0.170907229 4 4 4 4
New Graduate's Ability 2.486395919 0.536976077 2 3 2 2
One -to- One Non-technical
Stage 1 Engineer 2.841495804 1.139358887 3 2 1 4
Stage 2 Engineer 3.250823329 1.242157853 3 4 1 4
New Graduate's Ability 2.309412515 0.752747617 2 2 3
 Information Sources / Information Management
Library Data Bases
Stage 1 Engineer 2.185455637 1.674118761 3 2 2 2
Stage 2 Engineer 2.079523857 2.018383368 3 1 2 2
New Graduate's Ability 2.440821889 1.619030299 2 2 2 3
Standards and Statutory Requirments
Stage 1 Engineer 2.918975693 0.524994529 3 3 3 3
Stage 2 Engineer 3.504051215 0.550473735 3 4 3 4
New Graduate's Ability 1.391658619 1.589824264 0 2 1
Reference Publications
Stage 1 Engineer 2.277683305 1.398734735 3 3 2 2
Stage 2 Engineer 2.543062919 1.286056958 3 3 2 3
New Graduate's Ability 1.683071473 3.038183416 0 3 3 2
Internet
Stage 1 Engineer 3.167450235 0.423295819 3 4 3 2
Stage 2 Engineer 3.00480144 0.288663552 3 3 3 2
New Graduate's Ability 3.778383515 0.181280252 3 4 3 4
Networking Industry Sources
Stage 1 Engineer 2.457737321 0.420465541 2 3 2 1
Stage 2 Engineer 3.228868661 0.405956637 3 4 2 3
New Graduate's Ability 1.58095925 1.416548995 0 2 2 1
Information Management
Stage 1 Engineer 3.236020806 0.174488237 3 3 3 3
Stage 2 Engineer 3.453936181 0.247878125 4 3 3 4
New Graduate's Ability 2.035869317 1.547655761 1.5 3 2 2
Problem Solving
Recognition and Formulation of a Problem
Stage 1 Engineer 3.097729319 0.360259924 3 3 4 2
Stage 2 Engineer 4 0 4 4 4 4
New Graduate's Ability 2.325747724 0.284830703 2 3 2 2
Analysis a) Using Codes of Practice 
Stage 1 Engineer 2.409722917 0.354483838 2 3 1 2
Stage 2 Engineer 3.473392018 0.373004129 3 4 1 3
New Graduate's Ability 1.073357461 1.24431895 0 2 1
Analysis b) Using Computer Programs
Stage 1 Engineer 2.653697785 1.607057188 4 3 4 3
Stage 2 Engineer 2.559792792 1.347554125 3 3 4 4
New Graduate's Ability 2.661627515 1.471031445 2 3 2.5 3
Analysis c) Using Mathematical Analysis
Stage 1 Engineer 2.389616885 1.079268004 3 3 2 1
Stage 2 Engineer 2.33560068 0.718721588 3 2 2 2
New Graduate's Ability 2.60589553 0.56242036 2 3 2.5 3
Synthesis
Stage 1 Engineer 2.571571471 1.045317657 3 4 4 3
Stage 2 Engineer 3.101430429 0.927193112 4 4 4 4
New Graduate's Ability 2.011877395 1.648678718 1 2 2 2
 Application of Science & Eng Fundamentals
Stage 1 Engineer 3.409922977 0.362722381 3 4 4 2
Stage 2 Engineer 3.6670001 0.278527892 3 4 4 2
New Graduate's Ability 2.810293088 0.51995307 2 4 2.5 3
  In-Depth Discipline Knowledge
Stage 1 Engineer 2.972991898 0.575843534 3 4 4 2
Stage 2 Engineer 3.295088527 0.753174837 3 4 4 3
New Graduate's Ability 2.037088063 1.360478159 2 2 2.5 3
Broad Engineering Knowledge Base
Stage 1 Engineer 3.10793238 0.371965686 2 3 4 1
Stage 2 Engineer 3.686305892 0.215290115 3 4 4 2
New Graduate's Ability 1.852554278 1.817123308 1 2 1 2
Recognise when to use Eng Analysis
Stage 1 Engineer 3.10873262 0.733900935 2 4 2 1
Stage 2 Engineer 3.67210163 0.297804256 3 4 2 2
New Graduate's Ability 1.950402293 0.788343534 1 2 2 1
Creativity
Stage 1 Engineer 2.574672402 1.041663204 3 4 4 1
Stage 2 Engineer 2.877363209 1.242437461 4 4 4 1
New Graduate's Ability 2.195547179 1.106678787 2 2 2 2
Independent Thought
Stage 1 Engineer 2.396418926 0.981893748 3 3 3 1
Stage 2 Engineer 3.196658998 1.19469525 4 4 3 3
New Graduate's Ability 2.291989801 0.985190152 2 2 3 2
Critical Thinking
Stage 1 Engineer 3.073422027 0.427739145 4 3 4 3
Stage 2 Engineer 3.43903171 0.538770614 4 4 4 4
New Graduate's Ability 2.080477496 1.612432963 2 1 2.5 2
Intellectual Curiosity
Stage 1 Engineer 2.518455537 0.635375108 3 3 3 2
Stage 2 Engineer 2.730519156 0.734622247 3 3 3 2
New Graduate's Ability 2.0721874 0.856195864 2 1 2.5 3
Mechanical Engineering Knowledge Base
Stress Analysis
Stage 1 Engineer 2.250575173 0.699040631 2 2 4 2
Stage 2 Engineer 2.376713014 0.810523036 2 2 4 2
New Graduate's Ability 2.024648787 2.192236916 1 3 3 3
Applied Mechanics
Stage 1 Engineer 2.343703111 0.794591989 2 3 3 2
Stage 2 Engineer 2.747424227 1.091101948 2 4 3 2
New Graduate's Ability 2.360398694 1.250933829 2 2 2.5 3
Fluid Mechanics
Stage 1 Engineer 2.464139242 1.503490439 3 4 2 0
Stage 2 Engineer 2.713714114 1.357272161 3 4 2 0.5
New Graduate's Ability 2.41625555 1.737255673 2 2 3
Thermodynamics
Stage 1 Engineer 2.825447634 1.456477555 3 4 2 0
Stage 2 Engineer 2.949784935 1.608761832 3 4 2 0
New Graduate's Ability 2.431549087 1.68729549 3 2 3
Materials Science
Stage 1 Engineer 2.534160248 0.284043641 2 3 3 1
Stage 2 Engineer 3.025807742 0.651929739 2 4 3 1
New Graduate's Ability 1.82846496 0.798924177 2 2 2 2
Electrical/ Electronics Engineering
Stage 1 Engineer 2.042494859 1.540749484 3 2 0 1
Stage 2 Engineer 2.426547864 2.304800263 3 3 0 1
New Graduate's Ability 1.310561903 0.934492467 2 1.5 2
Manufacturing/ Production Processes
Stage 1 Engineer 2.162248675 0.822730084 2 2 2 1
Stage 2 Engineer 2.741522457 0.753235373 3 3 2 2
New Graduate's Ability 1.673223976 0.815373651 1.5 2 1
Engineering Management
Stage 1 Engineer 1.878463539 0.522690127 2 2 1 0
Stage 2 Engineer 3.203761128 0.353299848 4 3 1 3
New Graduate's Ability 1.681297066 1.720692777 1 1 2 0.5
Design Skills
The Ability to Know When to Call in a Specialist
Stage 1 Engineer 2.648394518 0.838162122 3 3 4 4
Stage 2 Engineer 3.55726718 0.337747778 4 4 4 4
New Graduate's Ability 1.657300214 0.973071457 1 1 3 1.5
  Open Ended Design Related Problems
Stage 1 Engineer 2.132839852 1.007060986 2 3 4 1
Stage 2 Engineer 2.348304491 1.245093904 3 2 4 2
New Graduate's Ability 2.318910699 2.955817295 1.5 2 2 2
Holistic System Engineering Approach
Stage 1 Engineer 2.325097529 1.04725748 2 3 3 1
Stage 2 Engineer 2.928378514 1.536532861 3 4 3 1
New Graduate's Ability 1.978711639 2.713947305 1 1.5 2 1
3D Visioning
Stage 1 Engineer 2.66619986 0.913584969 3 3 4 4
Stage 2 Engineer 3.074572372 1.108048044 2 3 4 4
New Graduate's Ability 2.357909274 0.674077294 2 2 2.5
Dynamic Visioning
Stage 1 Engineer 2.578473542 1.156915825 3 3 4 3
Stage 2 Engineer 3.085175553 1.759750227 2 4 4 4
New Graduate's Ability 2.305244082 1.084867451 2 2 2.5 2
Customer Oriented
Stage 1 Engineer 2.964289287 1.232594906 3 4 3 3
Stage 2 Engineer 3.308192458 1.160694112 4 4 3 4
New Graduate's Ability 2.336472881 1.281061219 1 2 3 1
Whole of Life Cost Effectiveness
Stage 1 Engineer 2.509352806 0.837688858 3 3 2 3
Stage 2 Engineer 3.145143543 1.224206934 3 3 2 4
New Graduate's Ability 1.70720671 0.582302466 1 2 2 0
 Recognise calculations are ' In the Right Ballpark' 
Stage 1 Engineer 2.524307292 1.134749758 3 3 4 3
Stage 2 Engineer 3.3279984 1.515804066 4 4 4 4
New Graduate's Ability 1.688048068 0.771136222 1 2 1 1.5
An Ability to Sense the Design Looks Sound
Stage 1 Engineer 2.748924677 0.610563263 3 3 4 3
Stage 2 Engineer 3.619285786 0.55966807 4 4 4 4
New Graduate's Ability 1.544413324 0.667128187 1.5 2 1 1.5
Documentation
Stage 1 Engineer 3.213764129 0.20808103 3 3 4 4
Stage 2 Engineer 3.55516655 0.246956652 3 3 4 4
New Graduate's Ability 1.734196586 0.832723657 1 2 2.5 1.5
Principles of Sustainable Development
Stage 1 Engineer 2.266579974 1.772188093 3 3 1 0
Stage 2 Engineer 2.525907772 1.735849744 3 3 1 1
New Graduate's Ability 2.109025107 6.277635122 1 3 2
Application of Standards and Statutory Regulations
Stage 1 Engineer 3.129438832 0.424778049 3 3 3 2
Stage 2 Engineer 3.924827448 0.066595761 4 4 3 3
New Graduate's Ability 1.509373458 1.022178463 1 2 1.5
Innovation
Stage 1 Engineer 2.787736321 1.205719363 3 4 4 1
Stage 2 Engineer 2.8856657 0.89950144 3 3 4 2
New Graduate's Ability 2.14760278 1.144215791 2 2 3 2
CADD & Engineering Drawing 
Computer Aided Drawing
Stage 1 Engineer 1.874962489 0.802811154 2 3 2 4
Stage 2 Engineer 1.481244373 0.684378646 2 1 2 4
New Graduate's Ability 1.728310053 3.528268266 1 2 1
Computer Aided Design and Engineering
Stage 1 Engineer 2.720816245 1.429608697 4 4 4 4
Stage 2 Engineer 2.409872962 0.827727872 2.5 2 4 4
New Graduate's Ability 1.860633484 1.371843509 2 1.5 2.5 1
Engineering Graphics (Manual drawing and/or sketching)
Stage 1 Engineer 2.587376213 0.562661486 3 2 3 1
Stage 2 Engineer 2.723417025 0.520380922 3 2 3 1
New Graduate's Ability 2.071090047 1.020232056 2 1 2 1
Engineering Graphic Conventions & Symbols
Stage 1 Engineer 2.852619188 2.059082806 3 3 1 4
Stage 2 Engineer 3.189640965 2.225844644 3 3 1 4
New Graduate's Ability 0.963906325 1.131311284 0 0.5 1
Mathematical Skills
Statistics
Stage 1 Engineer 2.154246274 0.247289411 2 2 2 0
Stage 2 Engineer 2.249174752 0.720646763 2 1 2 0
New Graduate's Ability 2.247586873 2.138924172 2 2 2 2
Algebra
Stage 1 Engineer 1.524657397 1.0010175 2 1 2 0.5
Stage 2 Engineer 1.592177653 1.376843882 2 1 2 0.5
New Graduate's Ability 3.09515625 6.039106536 4 2 3
Calculus
Stage 1 Engineer 1.266680004 1.115837862 2 2 2 0
Stage 2 Engineer 1.083725118 0.883357215 1 2 2 0
New Graduate's Ability 3.07703125 5.938414993 4 2 3
Geometry
Stage 1 Engineer 2.33289987 0.771042236 2 2 3 2
Stage 2 Engineer 2.305391617 0.761092267 2 2 3 2
New Graduate's Ability 3.008416716 2.198835321 4 2 2.5 3
Vectors
Stage 1 Engineer 1.628588577 0.793432968 2 1 3 0
Stage 2 Engineer 1.693408022 0.887595838 2 1 3 0
New Graduate's Ability 3.018364349 6.410956557 4 2.5 3
Research Skills
Experimental Testing and Measurement
Stage 1 Engineer 2.022806842 0.791917579 2 1 3 0
Stage 2 Engineer 2.288886666 1.42099583 1 1 3 1
New Graduate's Ability 1.886255924 2.119406003 2 2 2
Data Collection
Stage 1 Engineer 2.613984195 0.884601882 3 2 2 0
Stage 2 Engineer 2.931279384 1.093907066 3 2 2 0
New Graduate's Ability 2.464539362 0.597647215 3 2 2 2
Research Analysis
Stage 1 Engineer 1.831549465 1.180186986 2 2 3 0
Stage 2 Engineer 2.028508553 1.424314801 2 1 3 0
New Graduate's Ability 2.721952992 2.319944037 3 2 2
Management & Team Skills
Project Management Skills
Stage 1 Engineer 2.586776033 0.716612163 2 3 3 2
Stage 2 Engineer 3.507452236 0.410592659 3 4 4 4
New Graduate's Ability 1.932129639 0.379583871 1 2 2.5 1
Leadership
Stage 1 Engineer 2.672901871 0.459576785 3 3 1 2
Stage 2 Engineer 3.691957587 0.228982034 4 4 2.5 4
New Graduate's Ability 2.191019244 0.865344404 2 2 2 1
Team Skills (incl.multidiciplinary & multicultural teams)
Stage 1 Engineer 3.805541662 0.12743553 4 4 4 3
Stage 2 Engineer 3.817245174 0.120146737 4 4 4 4
New Graduate's Ability 3.222616785 0.436412558 3 3 3 2
Planning and Organisational Skills (inc. self-management)
Stage 1 Engineer 3.059017705 0.32761624 3 3 3 3
Stage 2 Engineer 4 0 4 4 4 4
New Graduate's Ability 2.461506769 1.653626145 2 2 3 1.5
Political Awareness 
Stage 1 Engineer 2.33430029 0.721693351 2 3 2 2
Stage 2 Engineer 2.99489847 1.235044496 3 4 3 3
New Graduate's Ability 1.866692131 2.359598057 2 2 1 0
Management  2
Ethics
Stage 1 Engineer 3.236170851 0.215604743 3 3 4 3
Stage 2 Engineer 3.414824447 0.242745125 3 3 4 4
New Graduate's Ability 3.138224213 0.712853889 2 4 3
Occupational Health and Safety Awareness
Stage 1 Engineer 3.311493448 0.498350445 3 3 4 2
Stage 2 Engineer 3.838651595 0.17052566 3 4 4 2
New Graduate's Ability 1.997881107 1.041935055 1 2 2 0
Environmental Awareness
Stage 1 Engineer 2.915574672 0.412998402 3 3 3 1
Stage 2 Engineer 3.377713314 0.426503404 3 3 3 2
New Graduate's Ability 2.386037492 1.955947473 2 3 3 3
Social and Cultural Awareness
Stage 1 Engineer 2.301492537 0.606036552 2 2 3 1
Stage 2 Engineer 2.943077715 0.828628223 3 3 3 1
New Graduate's Ability 2.245373612 0.241582328 2 2 3 2
Business Skills
Entrepreneurship
Stage 1 Engineer 2.21756527 1.36358863 2 3 0 0
Stage 2 Engineer 2.815444633 1.980043548 4 4 0 1
New Graduate's Ability 2.069667467 2.491163249 2 2
Accounts
Stage 1 Engineer 2.213864159 0.71929163 3 3 0 2.5
Stage 2 Engineer 2.838751625 0.927485008 4 3 0 3
New Graduate's Ability 2.15422946 1.91500841 2 2 1.5
Costing
Stage 1 Engineer 2.542262679 0.825787138 3 3 0 2
Stage 2 Engineer 3.254176253 1.308106246 4 3 0 4
New Graduate's Ability 1.981079076 1.161857563 2 1.5 1
Budgeting and Buget Control
Stage 1 Engineer 2.602580774 0.446139183 3 3 1 1
Stage 2 Engineer 3.351505452 0.560449119 4 3 2 1
New Graduate's Ability 1.930146279 1.22709381 1 1 0.5
Marketing
Stage 1 Engineer 1.593878163 0.875777268 2 3 0 1
Stage 2 Engineer 2.280484145 2.165601926 3 4 0 2
New Graduate's Ability 1.788928243 2.915231916 0 1.5 2
Industrial Relations
Stage 1 Engineer 2.099229769 0.314850862 2 3 2 1
Stage 2 Engineer 2.456136841 0.352507353 2 3 2 2
New Graduate's Ability 0.874092201 0.813862757 0 1.5
Personal attributes
Reliability
Stage 1 Engineer 3.364709413 0.465766678 4 4 4 3
Stage 2 Engineer 3.740772232 0.146340026 4 4 4 4
New Graduate's Ability 3.077123137 0.895022313 3 4 3 2
Conscientiousness ( a disciplined approach to work )
Stage 1 Engineer 3.44883465 0.496056709 4 4 3 3
Stage 2 Engineer 3.686706012 0.215140865 4 4 3 4
New Graduate's Ability 3.512953886 0.635547912 4 4 3 2
Time Management
Stage 1 Engineer 2.837451235 0.383600906 3 3 4 3
Stage 2 Engineer 3.871461438 0.1120164 4 4 4 4
New Graduate's Ability 2.421326398 0.257014426 2 2 3 1
Interpersonal / Social Skills
Stage 1 Engineer 3.130939282 0.397679352 3 3 3 3
Stage 2 Engineer 3.844453336 0.131351899 4 4 3 4
New Graduate's Ability 2.970441132 0.663250511 2 3 3 2
Flexibility ( ability to adjust to change )
Stage 1 Engineer 3.156046814 0.257333897 3 3 4 3
Stage 2 Engineer 3.261278384 0.295242659 3 3 4 4
New Graduate's Ability 3.491947584 0.244133418 3 4 3 2
Expectation and Capacity to Undertake Lifelong learning 
Stage 1 Engineer 2.77603281 1.08527933 3 3 4 4
Stage 2 Engineer 3.152645794 0.687312446 4 2 4 4
New Graduate's Ability 3.108152094 5.569314126 2 4 3 3
Modern Foreign Language Skills
Stage 1 Engineer 0.966289887 0.600544132 1 2 1 1
Stage 2 Engineer 1.131389417 0.844120236 2.5 1 1 2
New Graduate's Ability 1.249769018 3.711553698 2 2
German, French, 
Japenese, and 
Chinese
Group avaerages
Computer skills
Stage 1 Engineer 2.310243073
Stage 2 Engineer 2.286485946
New Graduate's Ability 2.085825748
Communication
Stage 1 Engineer 2.917618205
Stage 2 Engineer 3.475004762
New Graduate's Ability 2.447954074
Information Sources
Stage 1 Engineer 2.707220499
Stage 2 Engineer 2.969040712
New Graduate's Ability 2.15179401
Problem Solving
Stage 1 Engineer 2.791145165
Stage 2 Engineer 3.233406549
New Graduate's Ability 2.151465017
Mechanical Engineering Knowledge Base
Stage 1 Engineer 2.31265406
Stage 2 Engineer 2.773159435
New Graduate's Ability 1.965800003
Design
Stage 1 Engineer 2.653492202
Stage 2 Engineer 3.175837367
New Graduate's Ability 1.953416525
Engineering Drawing
Stage 1 Engineer 2.508943534
Stage 2 Engineer 2.451043831
New Graduate's Ability 1.655984978
Mathematics
Stage 1 Engineer 1.781414424
Stage 2 Engineer 1.784775433
New Graduate's Ability 2.889311087
Research Skills
Stage 1 Engineer 2.156113501
Stage 2 Engineer 2.416224867
New Graduate's Ability 2.357582759
Management
Stage 1 Engineer 2.913696563
Stage 2 Engineer 3.509535615
New Graduate's Ability 2.382386777
Business Skills
Stage 1 Engineer 2.211563469
Stage 2 Engineer 2.832749825
New Graduate's Ability 1.799690455
Personal  Attributes
Stage 1 Engineer 2.811472013
Stage 2 Engineer 3.241243802
New Graduate's Ability 2.833101893
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Stage 2 engineers Information Sources: Internet
0
1
2
3
4
5
Industries/Roles 
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Information Sources: Networking
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Information Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 1 engineers Problem Solving: Recognition & Formulation of Problem
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Analysis - Codes of Practice
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Analysis - Computer Programs
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Analysis - Mathematical Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving Analysis - Mathematical Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Synthesis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving - Apply Fundamental Knowledge 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving In-Depth Discipline Knowledge
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 1 engineer Problem Solving: Broad Engineering Knowledge Base
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Recognise When to use Eng Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Creativity
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Independent Thought
5
01
2
3
4
5
Industries/Roles 
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Critical Thinking
0
1
2
3
4
5
Industries/Roles 
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Problem Solving: Intellectual Curiosity
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Stress Analysis
0
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 1 engineers Applied Mechanics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Fluid Mechanics
0
1
2
3
4
5
Industries/Role
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Thermodynamics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Materials Science
01
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Elecrical/Electronics Engineering
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Manufacturing
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Engineering Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 1 engineers When to Call in a Specialist
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Design Skills: Open Ended Design Problems 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Design Skills: Systems Approach
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Systems Approach
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
S 1 S 3
Stage 1 engineeers Design Skills: 3D visioning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Design Skills: Dynamic Visioning
0
1
2
3
4
5
Industies/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Design Skills: Customer Oriented
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Design Skills: Whole of Life Cost Effectiveness
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
01
Industries/Roles
Stage 1 engineers Design Skills: Calculations 'in the Right Ballpark"
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Calculations "in the Right Ballpark"
0
1
2
3
4
5
Industries/Roles
Stage 1 engineers Design Skills: Design Looks Sound 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Design Skills: Documentation
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineer Design Skills: Princpile of Sustainable Development
5
01
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Design Skills: Application - Standards & Stat. Regs.
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineer Design Skills: Application of Standards & Stat. Regs.
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Innovation
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Computer Aided Drawing
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 1 engineers Computer Aided Design
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Computer Aided Design
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Engineering Graphics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Eng. Graphic Conventions & Symbols
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Mathematical Skills: Statistics
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Mathematical Skills: Algebra 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Mathematical Skills: Calculus
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Mathematical Skills - Geometry
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 1 engineers Mathematical Skills: Vectors 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Research Skills: Experimental Test & Measurement
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Research Skills: Data Collection
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Research Skills: Research Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Project Management Skills
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Leadership
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Team Skills
2
3
4
5
n
i
f
i
c
a
n
c
e
01
2
Industries/Roles
S
i
g
n
i
f
Stage 1 engineers Planning & Organisation
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Ethics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Political Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers OH&S Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Envoronmental Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Social & Cultural Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Entrepreneurship
2
3
4
5
g
n
i
f
i
c
a
n
c
e
0
1
2
Industries/Roles
S
i
g
n
i
Stage 1 engineers Business Skills: Accounts
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Business Skills: Costing
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Business Skills; Budgetting & Budget Control
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Business Skills: Marketing
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Business Skills: Industrial Relations
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Business Skills: Industrial Relations
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineer Reliability
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Conscientiousness
2
3
4
5
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Time Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Interpersonal Skills
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0
1
2
Industries/Roles
S
i
g
n
Stage 1 engineers Flexibility
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Expectation & Capacity to Undertake Lifelong Learning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 1 engineers Modern Foreign Language Skills
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e




Stage 2 engineers Computer Skills: Applications
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Computer Skills: Applications
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Computer Skills: Programming Language
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Written Communication:  Reports
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Written Communication: Letters
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Written Communication: Memoranda
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Written Communication: Email
2
3
4
5
n
i
f
i
c
a
n
c
e
01
2
Industries/Roles
S
i
g
n
i
f
Stage 2 engineers Oral Communication: Seminar Presentations
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Oral Communication: Committees, Group Meetings 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Oral Communication: Committees, Group Meetings
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Oral Communications: One-to-One Technical
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Oral Communication: One-to-One Non-Technical
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Information Sources: Library Data Bases
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Information Sources: Library Data Bases
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Information Sources: Standards and Stat. Requirements
0
1
2
3
4
5
Indutries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Information Sources:  Reference Publications
4
5
e
01
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Information Sources: Internet
0
1
2
3
4
5
Industries/Roles 
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Information Sources: Networking
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
n
a
c
e
Stage 2 engineers Information Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
01
Industries/Roles
Stage 2 engineers Problem Solving: Recognition & Formulation of Problem
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Recognition & Formulation of a Problem
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
n
a
c
e
Stage 2 engineers Problem Solving: Analysis - Codes of Practice
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Analysis - Computer Programs
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving Analysis - Mathematical Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Synthesis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Synthesis
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Apply Fundamental Knowledge 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Problem Solving: Apply Fundamental Knowledge
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: In-Depth Discipline Knowledge
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
01
Industries/Roles
S
Stage 2 engineers Problem Solving: Broad Engineering Knowledge Base
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Recognise When to use Eng Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Creativity 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Independent Thought
5
01
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Critical Thinking
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Problem Solving: Intellectual Curiosity
0
1
2
3
4
5
industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Stress Analysis
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 2 engineers Applied Mechanics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers  Fluid Mechanics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Thermodynamics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Materials Science
5
01
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Electrical/Electronics Engineering
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Manufacturing
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Manufacturing
0
1
2
3
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Engineering Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 2 engineers When to Call In a Specialist
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates When to Call In a Specialist
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Open Ended Design Problems
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Systems Approach
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: 3D Visioning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Dynamic Visioning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Customer Oriented
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Whole of Life Cost Effectiveness
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
01
Industries/Roles
Stage 2 engineers Design Skills: Calculations "in the Right Ballpark"
0
1
2
3
4
5
Industries/Roles
Stage 2 engineers Design Skills: Design Looks Sound
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Documentation
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Design Skills: Principles of Sustainable Development
5
01
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineer Design Skills: Application of Standards & Stat. Regs.
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Innovation
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Computer Aided Drawing
0
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 2 engineers Computer Aided Design
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Engineering Graphics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Eng Graphic Conventions & Symbols
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Eng Graphic Conventions & Symbols
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Mathamatical Skills: Statistics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Mathematical Skills: Algebra
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Mathematical Skills: Calculus
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Mathematical Skills: Geometry
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0
Industries/Roles
Stage 2 engineers Mathematical Skills: Vectors
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Research Skills: Experimental Test & Measurement
0
1
2
3
4
5
Industries/Roles
s
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Research Skills: Data Collection
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Research Skills: Research Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Project Management Skills
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Leadership
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Team Skills
2
3
4
5
n
i
f
i
c
a
n
c
e
01
2
Industries/Roles
S
i
g
n
i
f
Stage 2 engineers Planning & Organisation
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Ethics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Political Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers OH&S Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Environmental Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Social & Cultural Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Entrpreneurship
2
3
4
5
n
i
f
i
c
a
n
c
e
Graduates Social & Cultural Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
01
2
Industries/Roles
S
i
g
n
i
f
Stage 2 engineers Business Skills:  Accounts
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Business Skills: Costing
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Business Skills: Budgeting & Budget Control
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Business Skills: Marketing
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Business Skills: Industrial Relations
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineer Reliability
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Conscientiousness
2
3
4
5
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Time Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Interpersonal Skills
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Interpersonal Skills
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0
1
2
Industries/Roles
S
i
g
n
i
f
Stage 2 engineers Flexibility
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Expectation & Capacity to Undertake Lifelong Learning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Stage 2 engineers Modern Foreign Language Skills
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e




Industry/Role Number 1 2 3 4 5
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
1.083206 1.497246 6.147588 0 8.216208
0.939686 9.212719 6.293268 0 8.410908
19.95859 9.594328 1.212578 0 0.187823
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.09419 20.573 0.015761 0 2.353622
0.299238 0.413618 0.050071 0 2.018099
0.120553 14.18816 1.717557 0 2.295503
0 0 0 0 0
0 0 0 0 0
Graduate Computer Skills: Applications
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Computer Skills: Programming Language
0
1
2
3
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0.187185 0.258733 1.627171 0 3.549019
0.293053 0.405068 0.049036 0 9.625948
0.126397 6.277262 1.708653 0 0.450934
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
4.270937 5.903444 12.33685 0 5.670445
11.38496 15.7367 19.62589 0 11.84891
0.444926 11.49692 10.09981 0 3.978913
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.631969 0.873531 6.656307 0 0.141329
0.000654 17.17984 8.500896 0 0.000146
13.67049 16.02333 0.003582 0 3.057159
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.567084 0.783844 0.094889 0 0.126818
0.254062 0.351174 0.042512 0 0.056817
Graduate Written Communication: Letters
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Written Communication: Rreports
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Written Communication: Memoranda
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Written Communication:  Emails
2
3
4
5
n
i
f
i
c
a
n
c
e
0.324222 12.28842 1.487582 0 1.988143
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
6.260578 1.520845 6.131027 0 4.732049
5.299803 7.325581 0.886803 0 15.59606
2.415681 3.339043 0.40421 0 5.828771
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
5.764221 1.82857 0.221359 0 0.295844
0.297686 2.090921 0.901504 0 1.204854
3.966768 3.361143 0.663749 0 0.887096
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.267266 3.133898 0.699981 0 0.93552
0.603494 0.834172 0.100981 0 0.134961
2.983286 4.597845 0.499186 0 6.460612
0 0 0 0 0
0
1
2
Industries/Roles
S
i
g
n
i
f
i
Graduates: Oral Communication: Seminar Presentations
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Oral Communication: Committees, Group Meetings
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Oral Communications One-to-One Technical
0
1
2
3
4
5
Industry/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0.316808 12.34245 7.155235 0 3.784812
0.793325 9.782861 10.68969 0 1.582769
1.207232 1.66868 11.25344 0 8.059803
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
8.366515 0.599484 0.072571 0 13.46893
10.68415 20.31243 0.013344 0 12.19486
2.450425 3.387066 0.410024 0 16.80046
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.082784 0.114427 0.013852 0 0.018513
3.203793 4.287173 0.536083 0 0.716471
24.42196 6.450481 4.086466 0 5.461533
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
Graduates Oral Communication: One-to-One Non-Technical
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Information Sources: Library Data Bases
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Information Resources: Standards & Statutory Requirements
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Information Sources:  Reference Publications
4
6.579159 9.093953 0.162698 0 0.217445
2.632861 3.639236 0.622276 0 0.831667
35.72072 30.22886 3.659375 0 1.315774
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.353579 12.08141 0.059164 0 0.079072
0.000291 0.000402 4.86E-05 0 6.5E-05
7.640158 0.856055 1.278409 0 0.138501
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.642091 5.125271 0.442094 0 0.829218
0.660523 10.36464 3.186349 0 0.147714
31.51784 3.060623 0.370506 0 0.951788
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.70245 0.970952 0.117539 0 1.645933
3.760122 3.591592 0.434782 0 0.840884
3.621036 16.20202 0.002715 0 0.003628
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Information Sources: Internet
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates INformation Sources: Networking
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Information Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.120438 0.166474 1.717735 0 2.295741
0 0 0 0 0
1.338067 7.923959 0.223895 0 4.956452
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.116877 6.073083 4.193242 0 0.982564
2.825901 4.833617 12.90828 0 0.631962
14.52793 14.96656 2.430923 0 0.015175
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
22.856 2.090297 3.824438 0 1.205045
2.443596 3.377627 4.376555 0 0.883698
5.52004 1.995664 0.05512 0 1.234458
0 0 0 0 0
0 0 0 0 0
0
Industries/Roles
Graduates Problem Solving: Recognition & Formulation of a Problem
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
n
a
c
e
Graduates Problem Solving: Analysis - Codes of Practice
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Analysis - Computer Programmimg
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
4.698077 6.493852 0.320301 0 5.445519
5.566388 1.963103 0.237645 0 5.030398
4.629249 2.707199 0.023661 0 1.035248
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.314578 35.56431 4.305261 0 6.96494
10.18166 14.07346 1.703672 0 12.45315
12.91133 0.002459 0.000298 0 2.887386
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.118945 6.068967 0.734683 0 5.605829
5.610052 1.932794 0.233976 0 7.836468
8.279409 24.67047 0.203155 0 9.241594
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.009198 18.38422 2.225513 0 10.97741
1.098044 8.66097 1.048459 0 14.85416
0.017345 0.023975 0.452147 0 0.003879
Graduates Problem Solving: Analysis - Mathematical Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Synthesis
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Problem Solving: Apply Fundamental Knowledge
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: In-Depth Discipline Knowledge
1
2
3
4
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
15.47895 0.203049 1.679106 0 0.032851
5.939509 1.715182 0.207632 0 1.328264
9.165563 0.378932 1.533651 0 0.061307
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
15.50132 13.84565 2.593798 0 2.240088
5.696197 1.874027 5.899399 0 0.303199
11.39017 0.042877 0.00519 0 2.547206
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.281194 35.41007 4.286589 0 0.510148
15.89255 21.96726 2.659261 0 0.042412
0.48219 0.666501 0.080684 0 0.107833
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0
1
industries/Roles
S
Graduates Problem Solving: Broad Engineering Knowledge Base
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Recognise When to use Engineering Analysis
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Creativity
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Independent Thought
5
4.593951 6.349925 0.768694 0 7.251552
8.137949 11.24857 0.081604 0 1.819906
1.075104 1.486048 1.057698 0 0.240428
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
10.82627 0.093962 1.811534 0 2.421102
3.968183 5.484967 0.663986 0 0.887413
0.08167 20.34833 0.371358 0 3.292157
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.924071 4.041757 0.489277 0 0.653916
0.915737 1.265765 0.153228 0 0.204788
0.065711 20.03728 0.38618 0 2.427558
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.791756 1.094393 6.457628 0 4.410306
1.789519 2.473538 5.559978 0 5.344855
13.2393 16.58133 2.007264 0 0.001713
0
1
2
3
4
5
industries/Roles
S
i
g
n
i
f
i
c
n
a
c
e
Graduates Problem Solving: Critical Thinking
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Problem Solving: Intellectual Curiosity
0
1
2
3
4
5
Industry/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Stress Analysis
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.489642 7.507547 0.908831 0 1.214646
7.044488 27.34673 0.134606 0 0.179901
1.637878 2.263934 0.041121 0 0.366282
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
3.620921 41.11507 0.454547 0 17.12299
1.033511 28.83848 1.074808 0 20.76717
2.184918 3.020073 12.31879 0 5.656299
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.384208 24.04596 1.437678 0 9.396971
0.031797 19.22445 1.903413 0 10.72068
4.074751 3.246069 12.47523 0 0.525182
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0
1
Industries/Roles
Graduates Applied Mechanics
0
1
2
3
4
5
Indusries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Fluid Mechanics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Thermodynamics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Materials Science
3.597976 3.782426 0.457884 0 0.611959
13.26927 16.54195 0.001405 0 0.001878
0.37104 0.512865 0.062085 0 0.082976
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
11.56105 0.031475 8.802467 0 0.005092
4.146765 5.731809 12.42396 0 0.513079
5.993847 0.625507 3.624078 0 1.340416
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.331954 0.458838 0.055545 0 9.52407
0.842482 1.164509 1.160195 0 4.466219
0.378383 1.86122 5.907322 0 1.27811
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.186264 0.25746 1.628283 0 3.54712
7.994694 0.723669 10.24735 0 0.117082
5.853129 8.090408 0.214316 0 1.308947
0
1
2
3
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Electrical/Electronics Engineering
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Manufacturing
0
1
2
3
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Engineering Management
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.558929 2.154808 3.854627 0 5.151681
2.471716 3.416495 0.413586 0 0.552755
5.448069 7.530519 3.803998 0 1.218363
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.222521 13.10678 7.356066 0 0.049763
5.355556 2.114538 5.756287 0 0.342111
8.456452 1.772701 0.214596 0 4.905462
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.332731 7.939249 0.961091 0 7.910941
0.064685 20.01613 0.010824 0 3.238411
12.07882 3.994343 0.000956 0 2.701212
0 0 0 0 0
0 0 0 0 0
0
1
Industries/Roles
Graduates When to Call In a Specialist
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Design Skills: Open Ended Design Problems
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Design Skills: Systems Approach
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
1.405038 1.942095 3.753738 0 5.016844
14.56084 0.096929 1.807038 0 2.415094
1.615329 2.232766 0.0426 0 0.361239
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.240602 3.097042 4.263756 0 5.69848
14.84961 14.58723 1.765867 0 2.360069
1.174924 1.624022 0.080032 0 4.804327
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.016081 18.6971 0.002691 0 3.025005
6.035117 8.341957 0.200413 0 1.349645
22.52347 1.97332 0.928966 0 1.241556
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
3.035664 4.196005 0.547419 0 6.266122
0.26565 0.367192 2.766956 0 2.060798
6.306782 1.494237 0.180886 0 1.410399
Graduates Design Skills: 3D Visioning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Design Skills: Dynamic Visioning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Desing Skills: Customer Oriented
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Design Skills: Whole of Life Cost Effectiveness
0
1
2
3
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.853436 3.944122 4.594882 0 6.141026
5.694501 7.871147 0.952847 0 1.273473
5.969702 1.696183 0.998895 0 1.335017
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.794919 1.098767 3.30255 0 4.413834
1.827735 2.526362 0.30583 0 0.40874
0.024874 3.617757 0.625374 0 6.726299
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.576215 0.796466 1.304332 0 1.743231
3.886527 5.372099 0.41752 0 0.558013
6.797353 1.231455 1.23742 0 4.518368
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0
Industries/Roles
S
i
g
Graduates Design Skills: Calculations "in the Right Ballpark"
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Design Skills: Design Looks Sound
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Design Skills: Documentation
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Design Skills: Princpiles of Sustainable Development
4
6.782981 9.375683 3.384914 0 0.200403
2.834267 3.917627 4.912912 0 0.779953
15.5095 13.83657 9.385252 0 0.03352
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.211273 0.292029 0.035352 0 0.047247
0.071258 0.098495 1.804695 0 2.411962
3.271807 4.195652 4.807019 0 0.731681
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.568155 25.61484 3.100821 0 4.144225
0.164842 0.227851 2.620073 0 3.501709
0.274729 0.37974 1.533086 0 2.048958
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.19715 22.06131 0.032989 0 0.044089
3.393444 4.036721 0.567817 0 0.758883
6.688792 1.286603 6.302687 0 14.55282
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Design Skills: Application of Standards & Stat. Regs.
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Innovation
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Computer Aided Drawing
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
20.63388 28.5209 3.452616 0 1.465204
0.10243 2.928168 5.335143 0 0.473748
0.244924 2.266885 0.862546 0 12.90683
0 0 0 0 0
0 0 0 0 0
2.146958 6.013539 0.359245 0 5.627327
0.964642 9.12168 0.161411 0 4.595653
0.063728 19.99629 0.010664 0 3.2352
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.273903 0.378599 7.241937 0 0.061254
0.453502 0.626847 10.11645 0 0.101418
11.71615 3.751094 1.960434 0 0.003674
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0
1
Industries/Roles
Graduates Computer Aided Design
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Engineering Graphics
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduate Eng Graphic Conventions & Symbols
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0.300016 0.414693 0.050201 0 2.017144
0.78293 27.19843 0.131006 0 1.589743
0.772984 1.068446 0.129341 0 0.172864
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.849237 4.797876 0.476756 0 6.555316
2.097283 6.112254 0.350933 0 7.148784
10.32434 166.9793 2.530665 0 0.025534
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
6.781131 9.373126 1.13467 0 4.524629
0.088395 14.63352 1.771471 0 3.311978
10.7421 165.0294 2.447592 0 0.016733
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.397469 1.931633 0.938998 0 7.837408
1.17606 1.625592 1.018034 0 8.098187
12.39862 17.72464 0.545409 0 0.0002
Graduates Mathematical Skills: Statistics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Mathematical Skills: Algebra
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Calculus
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Mathematical Skills: Geometry
1
2
3
4
5
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.739505 6.887004 3.968423 0 7.479488
1.185323 8.3806 3.602155 0 8.086719
12.1511 158.7964 0.56696 0 2.924526
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.006559 18.23411 2.014853 0 2.692836
20.9481 28.95522 1.066989 0 1.426024
0.163145 62.01527 0.027299 0 3.498001
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.878993 6.570702 0.795421 0 5.417332
0.059551 15.11671 1.829964 0 3.220902
3.615515 3.761339 0.455331 0 6.648543
0 0 0 0 0
0 0 0 0 0
0
Industries/Roles
Graduates Mathematical Skills: Vectors
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Research Skills: Experimental Test & Measurement
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Research Skills: Data Collection
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0.357816 0.494586 2.880734 0 13.26014
0.010249 18.43797 1.991409 0 10.96072
0.974881 129.1394 1.099766 0 1.469829
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
4.3417 2.976243 0.360291 0 5.63211
3.247173 4.228576 0.511893 0 0.684141
10.9564 0.080289 0.680426 0 2.450201
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.349184 1.864891 5.905047 0 4.966554
1.196565 1.653935 2.99781 0 0.26759
0.460118 0.635992 0.07699 0 0.102897
0 0 0 0 0
0 0 0 0 0
0.476835 0.659099 0.079788 0 0.106636
0.421166 0.58215 0.070473 0 0.094186
Graduates Research Skills: Research Analysis
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Project Management Skills
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Leadership
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Team Skills
2
3
4
5
n
i
f
i
c
a
n
c
e
0.624929 0.8638 0.104568 0 1.704196
0 0 0 0 0
0 0 0 0 0
0.043922 0.06071 0.007349 0 2.496962
0 0 0 0 0
2.685785 3.71239 0.611847 0 0.817729
0 0 0 0 0
0 0 0 0 0
1.409252 7.724211 0.235807 0 15.36606
0.000328 17.60829 5.49E-05 0 25.29376
0.224092 0.309748 1.584938 0 9.826401
0 0 0 0 0
0.703344 0.972187 1.231048 0 1.645287
2.16992 2.999343 0.722528 0 0.965654
16.33694 12.94452 0.040314 0 0.053879
0 0 0 0 0
0 0 0 0 0
0
1
2
Industries/Roles
S
i
g
n
i
f
Graduates Planning & Organisation
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Ethics
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Political Awareness
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
1.223525 1.691201 1.000227 0 1.336796
8.869073 0.453761 0.05493 0 0.073414
12.55662 7.83E-05 9.47E-06 0 1.27E-05
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.089879 0.124235 0.015039 0 2.363941
1.799035 2.486692 0.301028 0 5.352625
1.879205 6.570238 0.795364 0 7.345747
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.146221 1.584348 1.029496 0 14.93717
0.040858 0.056476 0.006837 0 24.42601
0.759226 1.049429 1.201563 0 8.681973
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.59689 10.67072 10.37613 0 0.133484
17.69399 24.45728 16.7254 0 1.875159
Graduates OH&S Awareness
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Environmental Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Entrepreneurship
2
3
4
5
n
i
f
i
c
a
n
c
e
Graduates Social & Cultural Awareness
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0.061203 0.084597 9.038234 0 12.07954
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
7.793101 10.77191 10.34152 0 0.128981
17.00456 0.453198 17.00346 0 1.983882
0.299951 0.414603 9.791887 0 13.08679
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.642091 3.651994 13.63714 0 5.992495
7.014351 1.126075 22.34419 0 1.568634
0.004514 4.033948 8.281063 0 2.714296
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.991649 2.75293 5.419039 0 0.445397
5.303075 2.153583 3.854056 0 0.348428
10.90982 15.07995 7.86073 0 0.01376
0 0 0 0 0
0 0 0 0 0
Graduates Business Skills: Costing
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0
1
2
Industries/Roles
S
i
g
n
i
f
Graduates Business Skills: Accounts
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Business Skills: Budgetting and Budget Control 
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
2.07983 34.46222 5.360344 0 7.164062
6.528236 51.53589 10.97328 0 14.66571
40.35533 1.455048 6.752558 0 4.136079
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.124165 14.14248 0.020776 0 0.027767
2.623647 5.15557 0.439008 0 0.586732
9.634509 6.828387 1.612118 0 2.154585
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
5.089322 7.034646 0.851584 0 1.138135
0.84738 1.171279 0.14179 0 0.189501
0.075004 14.84516 0.01255 0 2.401799
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
3.830707 5.294942 0.425065 0 0.856669
1.237711 1.710809 0.995002 0 0.276792
Graduates Business Skills: Marketing
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Business Skills: Industrial Relations
0
1
2
3
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Reliability
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Concientiousness
2
3
4
5
n
i
f
i
c
n
a
n
c
e
2.991267 4.134639 0.555187 0 0.668943
0 0 0 0 0
0 0 0 0 0
0.333183 0.460537 2.851706 0 3.811285
0.208344 0.287981 0.034862 0 0.046592
2.238476 3.094103 0.706561 0 0.500595
0 0 0 0 0
0 0 0 0 0
0.2162 0.298839 0.036176 0 2.129852
0.305096 0.421715 1.504644 0 0.068229
11.87554 0.015229 0.001844 0 2.989176
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.307061 0.424431 1.502862 0 2.008565
0.860839 1.189883 1.151447 0 1.538901
3.051777 4.498984 0.510646 0 0.727891
0 0 0 0 0
0 0 0 0 0
Graduates Time Management
0
1
2
3
4
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Interpersonal Skills
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0
1
2
Industries/Roles
S
i
g
n
i
f
Graduates Flexibility
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
0 0 0 0 0
0.632534 0.874311 3.160982 0 8.895105
9.054095 23.15736 1.514999 0 13.06755
15.48509 13.86369 0.02468 0 0.032985
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.01433 18.62494 0.002398 0 2.63308
23.61973 0.300897 0.036425 0 3.609718
7.097495 27.22431 3.295657 0 4.404622
Graduates Expectation and Capacity to Undertake Lifelong Learning
0
1
2
3
4
5
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e
Graduates Modern Foreign Language Skills
0
1
2
3
Industries/Roles
S
i
g
n
i
f
i
c
a
n
c
e




6 7 8 9 10 11 12 13 14 15 16 17
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Varianc
Cell 
Varianc
0.151185 0.487915 0.151185 0.793721 1.290226 6.211578 0.250026 0.250026 0.584678 0.151185 0.21475 0.1718
0.131154 0.423269 0.131154 0.688557 1.119277 0.926273 0.435192 0.435192 0.087187 0.131154 0.1863 0.14904
0.96879 0.37831 0.117223 0.615421 8.267746 0.827887 0.341795 0.341795 0.672377 0.117223 0.16651 0.13321
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.013146 6.704225 1.468927 0.069018 2.569074 10.3743 4.874167 4.874167 1.380976 16.7658 0.01867 1.66924
1.259523 7.564753 1.259523 0.219267 1.797654 0.294967 4.179325 4.179325 1.558233 17.50849 0.05933 1.43128
2.120997 6.845037 1.432654 7.521435 12.2264 10.11812 0.055831 0.055831 1.409981 2.120997 2.03502 1.62802
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.357261 4.380252 0.026126 11.6287 0.222959 9.585656 0.835164 2.258215 0.017368 1.357261 1.92793 2.51703
0.040902 0.132002 1.264293 0.214735 0.34906 0.288869 0.13572 4.195154 0.02719 0.040902 0.0581 1.4367
3.44902 11.13093 0.281434 1.47753 86.50671 4.476556 2.103225 2.103225 0.18709 1.425227 4.89918 3.91934
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.596102 14.21502 10.29045 1.614646 5.08719 2.172083 4.921781 11.74305 0.396272 0.596102 0.43686 0.34949
0.004367 5.128197 16.37041 10.18351 13.56083 0.030845 14.02725 24.53817 1.056336 0.004367 0.0062 0.00496
0.062099 8.014264 8.424487 0.32602 71.89534 0.438575 3.852094 3.852094 0.041282 0.832696 3.5274 2.82192
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.088205 8.507793 0.088205 5.566011 22.49772 0.622948 18.42314 18.42314 0.058636 1.060193 1.50596 1.20476
9.13E-05 5.598478 9.13E-05 9.373575 14.80443 0.000645 23.52855 23.52855 1.153208 1.785443 0.00013 0.0001
0.002988 6.157682 0.002988 0.015685 62.58083 0.0211 5.368689 5.368689 0.001986 0.002988 2.71025 2.1682
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.092685 0.255435 0.079149 0.415532 0.675464 7.717088 0.262631 3.625727 0.726387 0.079149 0.11243 0.08994
1.295822 0.114439 0.03546 0.186165 0.302618 9.151743 0.117663 0.117663 0.023573 0.03546 0.05037 0.0403
0.045252 26.50915 0.045252 12.44081 10.58933 16.73585 4.117289 4.117289 0.030082 0.045252 0.06428 0.05142
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.953336 2.819991 2.953336 0.806231 1.310562 36.11785 9.799705 30.76984 0.102088 5.114032 1.24119 0.17451
0.217706 0.702598 3.21571 3.88344 1.857925 5.224152 10.67031 32.29823 0.144725 0.739703 1.05071 0.84057
0.337161 1.08811 3.637814 1.770095 36.66121 73.86293 1.846593 1.846593 1.028728 0.556508 0.47892 0.38314
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
4.944404 0.595885 0.804522 4.223743 1.575739 1.304024 0.612671 2.669552 0.534825 3.084759 0.26227 0.20982
0.751966 2.426798 4.8128 1.10844 1.801815 5.310757 0.700572 0.700572 0.140354 0.211131 0.2999 0.23992
0.553649 1.095312 0.553649 2.906656 2.896407 3.910145 1.126166 1.126166 0.368051 0.339393 0.48209 0.38567
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.316446 1.021259 0.583871 3.065321 4.982805 2.234902 1.937389 1.937389 0.210365 0.583871 0.4495 4.05571
1.074176 3.466658 0.084231 0.442212 0.718833 7.586366 0.279493 0.279493 0.055994 0.084231 0.11965 1.22065
0.464269 1.498322 0.416383 2.186008 3.962113 3.278899 12.90274 12.90274 0.000217 0.464269 0.59145 0.47316
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.044218 0.142702 2.362152 12.4013 0.377356 8.801872 7.838051 47.15273 0.029395 0.044218 1.77029 2.68426
0.110726 0.357342 0.987828 5.186095 0.944943 19.44747 3.277792 61.71626 0.656681 0.110726 0.15728 1.12253
0.168496 0.543781 0.168496 0.884602 7.163204 1.19 2.785161 31.14698 0.042499 0.839363 1.19228 0.95382
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.473337 18.7018 2.473337 30.42336 9.965507 17.46794 27.8931 27.8931 0.040241 5.794925 1.65871 0.06879
2.051054 20.94914 2.051054 34.07923 12.72609 14.48557 25.25461 25.25461 4.315227 6.491282 9.22057 1.69455
0.34201 1.776023 10.4854 2.889165 36.51417 3.886614 34.79245 34.79245 0.227359 4.278624 0.7817 0.62536
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.011554 6.637725 0.011554 10.79799 12.68464 10.49734 6.824703 0.038339 0.988084 2.05676 0.01641 1.68903
0.432899 1.397082 0.432899 2.272718 33.97779 3.057347 1.436437 1.436437 0.287779 0.432899 0.61491 0.50814
0.269978 2.10205 0.269978 3.419532 29.08944 32.15345 11.31041 11.31041 0.013733 0.651339 0.38349 0.30679
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.13571 16.84901 0.13571 27.4093 24.51977 20.29166 30.29699 3.04697 0.610437 0.13571 0.19277 0.15422
0.519055 12.05674 0.519055 19.61343 4.429658 29.59637 37.76827 12.39637 2.483519 0.519055 0.52198 0.41758
3.052369 0.57052 3.052369 0.9281 42.5476 35.21083 16.54314 16.54314 0.780825 4.985604 1.16647 0.93317
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.219925 0.159265 2.398774 6.404605 0.421155 16.94134 0.163751 0.163751 0.032806 0.04935 1.73285 0.05608
1.74314 0.000131 1.776942 9.151482 0.000346 12.54965 0.000135 0.000135 1.158792 4.06E-05 2.47605 4.6E-05
0.08644 3.441403 0.08644 0.453812 0.73769 0.610485 0.286825 0.286825 1.912089 0.08644 0.12278 0.09823
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.368761 13.5103 3.739997 2.717011 3.147042 2.604377 1.717245 1.223617 2.486248 0.368761 0.52381 0.5881
2.657808 3.377575 0.09219 5.494506 0.786761 0.651094 0.305904 8.81909 0.061286 2.657808 0.13095 1.18929
4.399001 0.99738 4.399001 0.060563 37.54147 2.182648 11.75987 11.75987 2.924336 4.399001 0.84378 0.67503
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.098042 3.315213 1.027249 5.393057 0.836701 0.692423 0.40696 0.325322 0.63382 1.027249 0.13926 0.11141
0.362662 1.693695 0.524807 2.755236 3.094992 2.561302 1.741404 1.203379 0.348877 0.524807 0.74546 0.59637
6.789744 6.094783 1.636004 0.011888 13.96181 51.51941 6.266467 24.20542 0.335972 0.002264 2.68256 2.14605
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.01681 4.624045 1.432803 7.522214 0.143456 14.97827 0.055778 0.055778 1.409861 1.432803 0.02388 0.0191
0 0 0 0 0 0 0 0 0 0 0 0
0.186756 0.602714 0.800124 0.980471 6.828334 1.318967 0.619692 0.619692 0.797775 0.800124 0.26528 0.21222
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.613232 1.979066 4.451007 1.551145 2.52145 2.08666 2.034814 0.980378 0.196411 4.451007 0.87107 0.33575
0.394416 1.272888 0.488076 2.5624 3.365982 3.447037 1.619525 1.308744 0.000828 0.488076 0.69329 0.4482
6.533035 4.877225 1.511253 10.64537 17.30449 0.06689 6.728242 6.728242 1.00464 2.027689 0.01345 0.01076
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.211068 0.681175 12.39412 65.06911 6.418358 5.311597 0.700363 15.97074 0.499965 3.190052 4.53132 0.85464
0.341057 1.100684 11.53247 60.54546 4.706787 3.895164 5.162499 14.20845 0.226725 3.650586 5.18549 0.62674
0.201513 2.486426 12.4683 65.45857 26.90444 5.441245 0.668656 2.556466 0.512169 4.859371 0.28624 0.22899
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.655719 2.116184 10.05007 23.9624 2.280056 24.00277 11.27724 4.621882 0.177608 4.564267 6.48333 0.74514
0.776911 2.507302 3.139539 25.59688 1.69167 1.399964 10.41756 4.077654 3.241163 4.875596 1.10357 0.22526
0.27336 14.64815 11.95162 1.435141 2.332881 4.56317 0.907059 0.907059 0.429518 0.646113 4.85882 3.88705
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.32305 1.04257 0.574981 1.696011 4.906943 30.70007 0.029915 6.70587 0.382232 3.591118 0.45888 4.93967
0.018107 0.058437 2.135142 7.460628 0.154528 15.07944 2.112436 14.97714 0.012037 1.421072 2.01857 8.83202
1.802057 0.000801 1.71844 37.40029 14.66532 50.3123 1.39146 1.39146 0.000165 0.000248 2.55974 2.04779
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.295745 0.954449 3.498674 3.217284 5.229827 2.088698 0.047385 4.835285 0.196603 0.612816 0.42009 0.33607
0.783005 2.52697 0.783005 1.024614 1.665552 1.378349 0.647591 2.598153 0.12974 0.195165 0.27722 0.22178
1.155572 3.729345 1.155572 0.332536 0.54055 0.44734 0.562286 0.562286 0.768193 0.169456 0.08997 0.07198
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.001284 0.004143 0.001284 0.00674 0.010956 0.009067 1.306533 22.73335 0.000853 0.001284 0.00182 1.89343
0.874544 0.494599 0.874544 4.591358 1.3079 6.176469 0.245214 30.7618 0.581373 0.153256 0.21769 3.35451
7.303521 6.109133 1.631871 38.34348 13.92653 11.52509 13.79782 24.23441 0.001609 1.892971 2.318 1.8544
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.020503 4.520057 1.400581 0.10764 11.95269 0.144802 0.068032 0.068032 1.436192 0.020503 0.02912 0.0233
0.828988 0.558935 0.173191 4.352186 1.478028 1.223162 0.574679 0.574679 0.551088 0.828988 0.24601 0.94203
0.038263 0.123485 8.116281 31.71129 19.77581 42.65923 10.68371 10.68371 0.145425 1.279254 3.29158 2.63326
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.163547 4.511951 2.163547 0.109243 11.93125 15.28005 0.069045 0.069045 1.438267 1.398069 0.02956 0.02365
4.920826 0.610698 0.189231 0.99346 1.61491 5.614887 0.627901 0.627901 0.125795 0.189231 0.26879 0.21503
1.938913 0.013972 1.589746 35.1496 16.54686 0.030577 1.184715 0.014366 1.056819 0.004329 0.00615 0.00492
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.31839 1.027532 4.364084 3.051495 4.960331 4.104987 0.032564 38.713 0.386391 3.575543 0.45226 0.6605
2.218152 0.085426 1.354789 1.315804 11.56189 9.568194 2.264031 48.35064 0.017597 2.218152 3.15078 1.53953
1.138974 0.217196 0.0673 44.54075 9.720108 0.475307 2.82531 28.1513 0.044739 2.515626 1.61786 1.29429
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.641186 2.069281 0.27658 3.366225 29.28879 1.953349 2.127571 33.53809 0.183863 4.525791 0.91078 0.3143
1.135828 0.219673 2.520307 5.963097 21.50853 0.480727 3.768884 59.67679 0.045249 1.135828 1.61339 0.07735
0.88225 0.484266 0.150054 0.787784 43.81783 1.059757 9.748348 30.67879 0.73388 0.150054 0.21315 0.17052
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.009488 0.03062 0.009488 7.932972 0.08097 14.32228 1.920267 1.920267 1.348115 0.009488 0.01348 0.01078
0.553846 1.094813 0.553846 2.907693 2.895088 25.7402 1.837763 5.149598 0.368182 0.339238 0.78671 0.62937
0.011399 6.631012 1.488118 34.0454 12.69973 53.80185 0.037824 1.027835 0.007578 2.05468 2.91858 2.33486
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.473081 1.317107 0.408118 2.142618 4.037318 3.341136 1.354209 37.04089 0.314491 3.863154 0.57971 0.53759
0.939238 0.412481 2.836384 0.671008 8.015547 0.902666 9.411637 43.54149 0.084965 2.836384 0.18155 1.06732
1.515072 6.529647 6.540972 7.954127 0.07827 0.064773 5.027284 25.07673 1.007178 0.009171 2.15209 1.72167
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.752531 3.190101 0.988482 0.574846 0.943075 6.981155 3.279963 29.58012 0.073462 0.988482 7.65122 0.12558
3.335796 2.206604 4.637707 0.140445 0.228299 4.828889 15.38875 32.98879 0.166038 0.683737 0.97122 0.28383
1.674306 0.003451 1.674306 37.87663 0.009126 50.95309 6.131446 23.93934 0.000711 0.001069 9.75503 7.80402
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
3.177747 2.446521 0.207912 3.979905 10.69176 5.353919 10.54434 19.85157 0.138214 4.828242 6.8583 0.23626
5.374145 0.362353 0.983212 14.49706 0.919506 0.792966 17.83239 29.49735 0.07464 2.761345 0.15949 1.11729
0.228602 0.737759 9.805808 1.200158 6.144529 69.25352 0.758541 2.389085 0.151968 0.228602 6.72073 5.37658
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
3.772919 1.630994 3.772919 2.653236 32.19843 3.569234 12.51923 5.428657 0.252048 4.151608 5.89717 12.144
5.168796 0.465531 5.168796 0.757307 7.651005 20.56583 17.15101 8.602915 0.595984 2.911975 0.2049 14.7285
0.304953 0.984166 10.27539 0.064801 87.69113 4.235617 0.040957 1.990024 0.202724 0.599733 6.27062 5.01649
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
5.864776 0.173061 14.05035 0.281529 20.72119 0.378724 19.46039 10.25978 0.797196 2.428049 19.9579 15.9663
6.690924 0.014322 15.31417 0.023299 16.56633 13.70969 22.2017 12.27496 1.055447 1.941195 21.7531 17.4025
0.327773 1.057813 10.40588 0.043294 88.80471 2.314896 0.027363 1.887117 0.217894 0.327773 6.1501 4.92008
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.502176 1.232598 4.14242 2.636423 3.25944 3.546617 1.267319 1.666311 0.333833 0.381932 0.54252 0.43401
1.852015 0.003783 1.852015 9.723081 14.25474 0.008279 1.313172 1.614607 0.000779 0.001172 2.6307 2.10456
0.051787 3.898492 5.88418 0.27188 50.21613 0.365744 0.630073 0.171838 0.803034 0.051787 1.71589 1.37271
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.003178 5.207515 1.91276 0.016686 13.77058 51.85529 13.89506 24.36323 1.271551 0.003178 0.00451 2.17359
0.32022 1.867853 3.581668 1.681154 37.18579 73.18951 21.67567 34.38671 0.212873 0.32022 0.45486 4.07008
5.023394 2.699845 3.022928 4.392002 1.448659 21.34943 10.03062 10.03062 0.041988 0.836572 4.29393 3.43515
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.235216 19.18323 8.228562 0.24324 20.28935 0.327215 0.666204 4.098671 0.0308 2.377447 8.44332 6.75466
0.117587 8.995789 13.22806 5.080665 8.25883 6.834705 3.359683 9.249192 0.078168 5.337905 3.95941 3.16753
0.797686 2.574349 4.927434 0.986671 42.05117 1.327307 0.175238 2.646866 0.53028 0.187937 0.26696 0.21357
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.025997 7.144554 6.21038 0.136485 11.59091 0.183605 4.506717 0.83649 0.017282 2.213805 11.2523 2.51569
0.073073 0.235826 2.550312 5.858126 0.623609 0.516076 2.892434 0.512504 0.048577 0.073073 1.58499 1.26799
0.178766 0.576926 0.816932 26.11926 80.75328 1.262534 2.710728 16.50828 1.632691 4.975097 1.16041 0.92833
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
4.78228 0.702198 3.215234 1.142308 6.31464 33.77485 0.721978 4.235354 3.179129 4.78228 4.56709 3.65367
0.546562 1.763905 0.344982 1.811154 4.664412 3.860096 1.144712 0.019152 0.36334 11.50972 0.49003 0.39202
0.2067 0.667077 3.173003 25.37899 27.0787 5.370302 0.685868 0.144501 0.505491 4.834093 0.29361 0.23489
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.031058 4.271171 2.258654 6.948173 0.265049 0.219345 26.56619 26.56619 1.501492 0.031058 8.71572 2.56665
0.747484 2.412336 0.213516 25.20763 1.822167 5.279108 32.20488 32.20488 0.14194 0.213516 6.82025 3.63585
3.061565 0.577679 9.46413 0.939745 42.44744 66.84042 31.40371 31.40371 0.784619 9.46413 1.15971 0.92777
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.801668 2.587202 3.090355 4.208759 6.84151 1.313707 31.5715 31.5715 0.123655 3.090355 1.13873 0.21138
2.021136 0.029136 6.544813 10.61096 0.077047 0.063761 50.08034 50.08034 1.343596 6.544813 2.87093 0.01026
0.000798 5.440738 6.890928 0.004188 61.36581 48.66718 22.86535 22.86535 2.558308 6.890928 0.00113 0.00091
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.196104 0.63288 0.781127 1.029544 1.673566 5.516711 16.21314 41.51435 0.519272 3.13108 4.44756 3.55805
1.507293 0.031587 0.009787 7.913287 12.86337 2.249689 6.743482 55.20549 0.006506 1.507293 2.14104 1.71283
0.725614 2.341753 0.725614 1.183635 6.192453 1.592271 0.748098 32.46886 0.86113 0.225454 6.74115 5.39292
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.312725 1.009248 0.312725 1.641805 2.668822 4.159471 38.82739 38.82739 2.915147 0.588952 5.05184 4.04147
0.012769 0.041208 1.472951 7.732991 12.57029 2.138946 55.58692 55.58692 1.377799 2.072587 2.09226 1.67381
0.849527 0.529228 0.849527 0.860927 7.24994 1.158152 31.03464 31.03464 0.758649 0.849527 7.18049 5.7444
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.887946 0.007243 15.46514 9.911717 0.019154 11.55808 6.264549 51.31614 1.087929 1.636543 2.32463 0.00255
0.842332 0.539501 19.26168 4.422243 1.426639 1.180634 2.79501 63.91376 0.559959 3.012007 1.19649 0.9572
3.143641 2.500724 9.608026 25.57006 6.612829 1.40725 2.571167 31.88118 0.13246 0.199257 4.4654 3.57232
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.423693 1.367373 4.009537 2.224388 3.615835 3.224843 1.515131 36.77361 0.303545 11.08246 0.60184 4.55629
1.286172 0.119659 8.098888 6.752403 10.97631 9.08359 0.123029 57.76886 0.855012 17.40979 1.82695 2.62271
0.150881 0.486935 5.129616 0.792126 1.287633 1.065598 8.510913 17.021 3.410029 5.129616 0.21432 0.17146
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.483821 1.285291 4.089382 2.09086 3.398779 28.88126 1.321496 37.21322 0.000691 3.832697 0.56571 12.7443
0.794792 0.611071 9.538455 4.172656 6.782824 21.9213 2.637263 64.68135 0.528356 0.794792 1.12897 22.1511
0.171273 2.68897 5.015131 0.899181 25.85269 5.884488 2.764715 16.64112 0.041374 0.833202 0.24329 0.19463
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.110948 0.35806 0.987163 0.582479 0.946843 38.02011 0.368147 0.368147 0.656239 2.754733 0.1576 6.11748
0.2551 2.178365 4.614872 1.339276 2.177049 32.59253 0.846469 0.846469 0.169584 0.2551 0.36236 5.24417
0.365304 1.683472 0.365304 0.018226 31.82336 3.684076 1.730893 13.92964 0.242844 0.521639 0.74096 0.59277
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.087974 3.511188 0.080423 5.711862 0.68634 0.56799 0.266859 0.266859 0.053463 1.087974 0.11424 2.94645
0.348263 1.12394 0.348263 1.828382 2.97211 3.831049 1.155601 1.155601 0.231516 0.348263 0.49469 0.61642
2.819975 0.4013 0.124347 0.652819 45.17172 0.878198 0.320313 3.148021 0.064172 0.948719 1.34761 1.07809
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.823436 3.0553 9.041797 4.970242 45.13127 19.94051 30.00233 30.00233 1.876943 0.125074 0.17766 10.2748
4.097974 1.276656 11.22917 20.07804 32.63768 3.437877 37.26043 37.26043 0.000785 0.486779 0.56191 12.7604
7.828457 0.067515 7.828457 41.0994 66.80876 55.28848 25.97624 25.97624 0.013907 7.828457 0.02972 0.02377
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.333863 4.30474 1.333863 7.002781 0.251651 15.85611 4.426 0.097846 1.49249 1.333863 1.89469 2.55126
0.009946 0.032097 0.009946 0.052214 0.084877 0.070241 0.033001 0.033001 0.21116 0.009946 0.01413 1.71061
3.910663 1.367258 0.423657 2.224201 34.21869 2.99208 5.949995 13.30474 0.30357 4.009646 0.64865 0.51892
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.079298 0.255917 5.624962 13.57895 9.320338 7.713169 0.483506 45.38541 0.726018 2.586466 0.11264 1.24106
2.185464 0.074251 0.023007 11.47369 11.78174 0.162489 2.204055 48.63007 0.015295 2.185464 3.10435 1.56881
1.278783 0.123748 0.038344 42.61671 10.91325 0.270807 2.449234 26.93523 0.02549 2.317906 3.29248 2.63398
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.227649 7.189229 1.347384 0.144462 0.234828 9.515903 11.04065 20.53043 0.018292 2.227649 1.9139 1.53112
4.059649 13.10159 0.407609 2.486552 4.041993 2.87874 5.622989 12.81346 0.314856 4.059649 5.48521 4.38817
2.846264 3.012874 0.933567 27.60039 44.86558 37.1291 0.304413 17.4444 0.086364 2.846264 7.46764 5.97411
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.914454 0.442719 13.029 4.800883 7.804032 6.45833 3.545624 43.23259 0.607904 2.879907 4.09078 1.03915
0.61292 1.97806 10.22118 3.217829 5.230714 2.088188 6.940121 33.91573 0.407452 4.450167 0.87062 3.97548
0.034185 0.110323 6.093044 0.179469 51.99859 0.241428 10.81173 20.21783 0.022725 0.034185 0.04856 0.03885
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
3.51209 1.959661 0.607219 18.43848 5.182062 4.288484 4.864032 0.994309 0.403663 0.299655 0.86253 0.69002
2.868209 2.972527 0.921065 15.0581 7.86045 0.950872 3.521994 0.446749 0.089503 0.134637 1.30833 1.04666
1.518658 0.028706 0.008895 39.63419 12.96036 0.062819 11.92402 1.074348 0.005913 2.019132 0.01263 0.01011
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
6.040668 0.123376 6.040668 12.1643 122.2243 9.036106 2.447555 2.447555 0.850543 2.31701 1.8174 1.45392
0.063296 0.204274 8.438368 6.06774 152.8106 0.447029 3.835022 3.835022 0.768318 1.15576 0.08991 0.07193
1.635243 0.0074 1.635243 38.30606 13.95531 13.34348 1.256821 5.426034 0.336254 0.378768 0.00326 0.00261
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.258927 4.0629 1.258927 6.609366 0.357355 0.295733 0.138945 7.780541 0.027837 0.041874 0.05948 0.04758
0.109275 3.202035 0.99218 28.32419 0.932563 7.00727 0.362594 0.362594 0.659574 0.109275 0.15522 0.12418
5.404875 0.34818 0.996381 0.566405 75.87573 62.79197 0.37208 3.306173 0.653897 0.107887 1.41531 1.13225
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
4.091261 12.36329 4.091261 2.087783 4.134486 27.05558 1.60755 13.57555 0.264362 10.78408 0.68816 4.64916
4.461652 0.944692 4.461652 1.536788 5.267129 72.06427 2.047938 14.80457 0.194593 10.20379 0.87669 5.07006
16.86079 6.812406 16.86079 11.08215 143.8915 0.11255 4.781455 4.781455 1.40326 0.015936 0.02264 0.01811
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.823882 17.06498 2.823882 4.968886 24.09926 0.884 9.370153 9.370153 0.629177 13.14903 1.3444 3.20896
2.06705 4.768699 2.06705 7.757531 17.64039 0.087133 6.858847 6.858847 0.982285 14.9682 2.0989 2.34892
16.66389 6.588779 16.66389 10.71837 142.2112 0.073757 1.044791 4.974928 1.357196 1.499294 0.01483 0.01187
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.195047 2.527728 0.195047 4.112009 26.68486 5.531631 16.23066 0.647202 0.129662 4.891432 0.27706 3.55324
0.849166 0.52974 0.164145 4.458123 25.59479 5.997236 16.77071 0.544662 0.564503 5.054188 0.23316 3.40809
0.000125 5.776016 1.730498 0.000655 135.9396 0.000881 5.742106 5.742106 1.189778 0.000125 0.00018 0.00014
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
4.668049 10.68277 0.242786 1.274625 2.071956 1.714674 0.805607 15.48944 0.462295 9.897522 6.63075 5.3046
5.04703 0.533912 0.165438 15.77437 1.41186 1.168403 3.799449 16.74696 0.562553 9.363845 7.16908 5.73526
16.03452 5.890535 1.695951 9.582489 136.8401 0.004192 0.00197 5.627474 1.213367 0.408272 22.7763 18.221
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.000915 5.423869 6.880355 8.823336 0.007813 0.006465 0.003038 23.89581 0.000609 6.880355 2.38727 1.90981
0.890001 2.872275 5.15312 27.05388 7.595346 6.285629 0.260282 30.59577 3.425653 5.15312 0.20864 0.16691
0.02277 0.073486 2.18315 0.119544 53.44058 9.763138 0.075556 7.244087 0.918976 0.02277 1.96362 1.5709
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.663479 0.846367 3.38103 17.75041 2.238103 4.685819 39.90421 0.075876 0.17434 3.38103 0.37252 0.29802
0.008312 0.026824 2.010208 10.55359 17.1553 0.058701 50.17961 1.888908 1.336332 2.010208 2.1682 1.73456
0.379802 1.225726 0.504624 2.649275 4.306506 26.6608 6.261524 1.674434 0.252482 0.379802 0.53949 0.43159
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
2.402887 7.754771 8.275833 12.61516 10.38595 8.595028 19.59071 19.59071 0.033199 8.275833 3.41319 0.05675
6.84073 5.360759 6.84073 35.91383 0.012207 0.010102 24.03071 24.03071 1.104241 6.84073 0.00203 0.00163
0.136066 16.84189 0.136066 4.816037 24.53373 6.478716 3.535286 0.451491 0.609823 0.91734 0.19328 0.15462
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
3.515075 11.34411 0.605979 1.577767 2.564726 4.279725 14.70429 14.70429 0.402838 3.515075 0.42689 0.68861
0.426982 1.377987 0.453214 2.241654 3.643902 3.200822 5.927366 13.27089 0.283846 0.426982 0.60651 0.51502
0.008107 0.026164 0.008107 0.042563 17.12801 0.057257 0.026901 0.026901 1.016573 1.529204 2.17216 1.73773
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.188308 0.607721 12.57415 0.988617 1.607038 5.628266 2.644334 2.644334 0.529772 3.099693 1.13199 0.21399
0.842697 0.538976 0.842697 0.876785 1.42525 5.95155 2.796223 2.796223 0.111021 0.167007 0.23723 0.18978
2.496607 0.207254 8.448995 0.337152 49.15162 17.63229 0.55754 0.55754 1.659676 2.496607 0.09122 0.07298
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.066553 0.214784 0.066553 0.349402 0.567967 8.065794 0.545197 0.545197 0.75921 0.066553 0.09454 0.07563
0.058783 0.189708 0.058783 0.30861 0.501658 8.301869 0.587764 0.587764 0.039077 0.058783 0.0835 0.0668
0.087222 0.281491 1.063611 5.58396 9.076956 18.58026 0.449338 0.449338 3.471868 1.063611 0.1239 0.09912
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.00613 5.029343 0.00613 8.181537 0.052316 13.94047 0.020341 0.020341 1.312177 1.558388 0.00871 0.00697
0 0 0 0 0 0 0 0 0 0 0 0
0.510356 1.647058 0.510356 21.87072 91.00641 2.647447 1.693454 1.693454 1.081659 0.37486 5.34001 4.272
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
4.883218 2.517127 3.133429 1.032632 6.656205 22.12984 0.160345 0.160345 0.130755 0.779955 0.27939 5.54911
1.778003 0.000148 4.58E-05 9.145964 15.17364 49.46668 1.489945 1.489945 3.04E-05 4.58E-05 6.5E-05 2.02046
6.13279 19.79218 1.322033 32.19715 52.33778 9.33686 7.500818 7.500818 0.157322 6.13279 0.04443 0.03554
0 0 0 0 0 0 0 0 0 0 0 0
2.689488 3.313911 1.026846 5.390939 0.837766 0.693304 0.325736 0.325736 0.065259 1.026846 0.13944 1.16687
0.30286 1.945005 0.602678 3.164057 2.584631 4.25641 1.004943 1.004943 0.400644 0.602678 0.85608 0.68486
17.33327 7.358749 1.307077 0.176539 11.15472 0.237487 0.111579 0.111579 0.476576 2.280176 0.04776 0.03821
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
3.027227 2.692554 0.834313 0.89654 7.1201 21.37979 2.768401 2.768401 0.113523 0.834313 1.1851 0.94808
5.949926 0.147869 0.045819 0.240548 0.39102 0.323594 0.152035 0.152035 0.030459 0.045819 0.06508 0.05207
1.767466 2.55E-05 7.9E-06 4.15E-05 59.95276 12.48273 2.62E-05 2.62E-05 5.25E-06 1.752549 1.1E-05 9E-06
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.475367 0.040485 1.475367 0.065859 17.66319 10.41978 0.041625 0.041625 0.980784 6.45819 0.01782 0.01426
3.340645 0.810351 0.251095 3.578104 5.816356 4.813402 0.087332 0.087332 2.22077 9.950196 0.9681 0.77448
0.663432 0.846462 0.262284 1.37699 85.51149 1.85238 0.075847 33.24814 0.174359 10.01999 0.37256 0.29805
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.858726 2.771344 0.15998 26.65673 1.365284 1.129859 0.530843 0.530843 0.10635 0.858726 4.23471 0.97583
1.966069 0.018404 1.565336 10.32186 13.35872 13.88536 5.19407 5.19407 0.003791 0.005703 2.22349 2.23417
1.002251 0.341983 0.105966 0.556324 8.553304 0.748388 0.351616 0.351616 0.070444 0.105966 0.15052 0.12042
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.083309 3.477319 8.654968 29.35616 9.195306 0.58837 28.71876 28.71876 0.055382 2.609139 0.11834 2.96493
2.469582 0.193465 13.95104 12.9653 0.511591 0.423374 46.29209 46.29209 0.039851 5.800677 1.66237 6.59168
0.008542 0.027568 7.539001 0.044847 55.96728 53.2442 25.01578 25.01578 1.338701 7.539001 0.01213 0.00971
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.080499 0.259791 8.626102 0.422618 9.282504 0.568522 8.605043 8.605043 0.053513 2.593301 3.68367 0.09148
0.045762 0.147686 14.18298 12.46012 0.390536 0.323193 10.46677 10.46677 0.030421 5.950573 1.75876 0.052
0.041865 0.135109 8.16764 42.88011 51.17117 0.295669 7.780315 7.780315 1.558727 8.16764 3.33061 2.66449
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.517526 1.190093 4.186291 1.935997 3.147042 3.655027 0.010431 37.7445 2.782932 0.517526 0.52381 0.41905
0.113706 3.159517 8.943107 5.139778 8.354921 0.803047 3.248518 61.84363 1.840361 2.768406 1.39063 1.11251
1.694028 5.467092 6.907427 0.003308 61.22215 0.00445 5.621094 5.621094 1.126144 6.907427 0.0009 0.00072
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.639062 2.062428 11.92123 1.459384 2.372289 4.513378 0.061453 2.120525 3.00487 0.639062 4.88195 0.31588
0.217459 0.701799 19.76936 3.885837 6.316589 1.535802 2.455984 4.234359 0.144561 3.214758 1.05136 0.84109
0.008588 0.027716 6.556818 0.045087 64.3501 0.060653 0.028497 1.080551 1.012251 6.556818 2.16293 0.00976
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.290286 0.93683 4.471188 1.523999 5.297423 4.383953 0.96322 14.83621 0.192974 4.471188 0.41234 0.70538
0.911157 2.940553 9.15307 27.32023 24.62739 20.38072 3.023386 30.37155 3.45938 9.15307 1.29426 0.15734
0.07841 18.1775 5.632465 0.411654 73.43035 39.77928 2.952839 18.68954 1.943763 5.632465 1.55602 1.24482
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.428041 0.055928 2.126619 0.090982 0.147895 0.122393 7.056508 0.057504 1.413718 0.01733 3.02077 1.62277
0.520585 1.181785 3.731789 2.733073 3.125073 3.676634 5.338914 0.011236 0.243431 0.366187 0.73947 4.76703
2.231096 4.339731 0.027901 7.059704 11.47584 0.19705 4.461977 0.09258 0.018548 1.344705 0.03963 0.03171
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.234103 0.755514 0.234103 3.72921 1.997855 23.15003 0.776796 0.106893 0.155625 0.710326 0.33253 0.26603
0.965789 0.381691 0.11827 0.620919 8.242127 0.720583 0.338552 0.392442 0.078623 0.11827 0.168 0.1344
0.010468 6.589903 0.010468 7.869724 12.79256 14.42121 14.52593 14.52593 1.357427 0.010468 0.01487 0.0119
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.354556 1.14425 0.534659 2.806957 3.025817 26.09208 1.774094 1.774094 0.235699 0.534659 0.50363 0.40291
0.829955 0.55751 0.172749 0.906935 7.082909 5.861555 0.573214 0.573214 0.114839 0.172749 0.24538 0.19631
0.463094 13.00169 0.417496 2.191857 3.562953 28.45264 1.385329 1.385329 2.678164 0.463094 0.6578 0.52624
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.046503 7.676631 0.046503 0.24414 10.5339 8.717464 0.154305 0.154305 0.82055 2.378675 0.06606 0.05284
0.029079 0.093846 0.029079 0.152665 0.248163 0.20537 4.435159 4.435159 0.888551 0.029079 0.04131 0.03304
0.589359 1.008291 0.312428 1.640247 5.029644 4.162349 1.955601 1.955601 0.207694 1.493963 0.44379 0.35503
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
1.329269 4.289914 2.251082 0.158421 11.3441 15.89826 0.100127 0.100127 0.02006 0.030175 0.04286 1.51053
0.042583 0.137426 0.042583 0.22356 0.363405 0.300741 4.164512 4.164512 0.028308 1.255059 0.06049 0.04839
1.865585 5.349174 1.657491 0.008073 15.92107 11.70603 6.19035 6.19035 2.529771 0.001538 0.00218 0.00175
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.042857 0.138311 1.253572 6.581254 0.365746 0.302678 0.690894 7.804834 1.56364 1.253572 0.06088 1.42451
0.120149 3.099631 0.960449 5.042357 1.025361 0.848551 0.33281 9.290407 0.63848 0.960449 1.36427 1.09142
0.425942 1.374631 0.425942 2.385003 3.876921 3.008214 0.000379 0.000379 2.604312 0.425942 0.60503 0.48402
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.088284 0.284916 2.636648 13.8424 47.37747 7.485681 8.748879 8.748879 1.752772 2.636648 0.1254 1.20445
0.041009 0.132348 1.263696 6.634405 0.349977 0.289628 4.193173 4.193173 0.840071 1.263696 0.05825 2.65718
0.020587 54.87226 1.399891 7.349428 145.1024 15.26405 56.41796 56.41796 5.199837 1.399891 1.98848 1.59079
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
7.279319 6.069401 0.002 8.627537 0.017068 0.014125 5.452902 5.452902 0.00133 1.64334 2.33429 1.86743
6.145402 4.285471 0.030383 11.82759 11.33235 0.214581 7.475445 7.475445 0.020198 2.252874 3.20011 2.56008
0.109797 8.87172 2.748984 14.43216 23.46008 0.77544 9.121628 9.121628 0.07299 2.748984 3.90481 3.12385
Main sector
Meat and 
meat 
products
Dairy 
Products
Sub-sector
Bacon Ham 
& Small 
Goods
Red meat Milk/ 
cream/ 
cheese
Milk/ 
cream/ 
cheese
Company/Role
A:Eng. Mangr. 
/ Plant Eng./  
Proj. Eng
B - Chief Eng. C: Project 
Manager - 
Mechanical
C: Project 
Manager - 
Electrical
Industry/Role Number 1 2 3 4
Type of Engineer
Chemical
Mechanical 2 1 5
Manufacturing
Mechatronic
Electrical 5
Electronic
Industrial
Instrumentation and Programming
No. of graduate engineers over 5 years 1 0 1 1
No. of employees in company 400 450 1,250 1,250
No. employed in sub-sector 8,381 27,926 17,249 17,249
Industry multiplier 20.95 62.06 13.80 13.80
Industry- over 5 years 21.0 0.0 13.8 13.8
No of paraprofessionals in company 0 0 17
No of paraprofessionals in subsector 0.0 0.0 234.6 0.0
1 Rare        This attribu
2 Occasional A useful at
3 Significant An importa
4 Essential The role ca
ATTRIBUTES
Food Science Average Variance
Biological and Physical Properties of Food
Stage 1 engineer 2.3371 0.694897 2 3 2 2
Stage 2 engineer 2.8769392 0.518951 2 3 4 4
Graduate knowledge 0.6534863 0.263217 2 0 0
Food Storage and Preservation
Stage 1 engineer 2.5745063 1.063912 2 3 2 2
Stage 2 engineer 3.0539486 0.747865 2 3 4 4
Graduate knowledge 0.5429899 0.248152 0 0
Stage 2 engineer 3.6030928 0.446133 4 3 4 4
Graduate knowledge 0.6948102 0.488114 0 0
Sterilisation Techniques
Stage 1 engineer 1.9781392 0.753192 2 3 4 4
Stage 2 engineer 2.5095586 1.273980 2 4 4 4
Graduate knowledge 0.827116 0.463842 0 2 2
Sensory Evaluation
Stage 1 engineer 1.0829021 1.285238341 0 1 0 0
Stage 2 engineer 1.4095686 1.390656115 0 1 2 2
Graduate knowledge 0 0 0 0 0
Laboratory Skills
Hygiene and Sanitation
Stage 1 engineer 3.187929 0.996708236 4 3 1 1
Stage 2 engineer 3.7576319 0.243955117 4 3 4 4
Graduate knowledge 1.013282 0.418880374 2 0 0
Occupational Health and Safety
Stage 1 engineer 3.2858802 0.425981855 4 4 2 2
Stage 2 engineer 3.6501351 0.216174289 4 4 4 4
Graduate knowledge 1.5106136 0.63897805 2 2 2
Engineering
Materials Handling Equipment
Stage 1 engineer 3.2887317 0.396515753 2 3 3 3
Materials Handling Systems
Stage 1 engineer 2.9888056 0.37467667 2 3 2 2
Stage 2 engineer 3.4369432 0.328873411 4 4 4 4
Graduate knowledge 1.7065934 0.35588214 1 1
Process Equipment
Stage 1 engineer 3.2655507 0.716181503 2 4 3 3
Stage 2 engineer 3.6536383 0.37680565 2 4 4 4
Graduate knowledge 2.3017658 0.506394407 2 1 1
Packaging Equipment
Stage 1 engineer 3.0801035 0.571812388 4 4 3 3
Stage 2 engineer 3.580022 0.512888839 4 4 4 4
Graduate knowledge 1.2742162 0.509737629 2 1 1
Stage 1 engineer 2.6556854 0.715214753 2 3 3 3
Stage 2 engineer 3.5750676 0.466739999 4 4 4 4
Graduate knowledge 3.5750676 0.466739999 2 1 1
Machine Dynamics
Stage 1 engineer 2.3949522 0.494384721 0 2 3 3
Stage 2 engineer 3.0015514 0.345708733 2 3 3 3
Graduate knowledge 2.1630164 0.178378358 2 3 3
Force Analysis and Strength of Materials
Stage 1 engineer 2.0794368 0.754502765 0 4 3 3
Stage 2 engineer 2.1830147 0.642739225 2 4 3 3
Graduate knowledge 2.2401239 0.454501611 4 4
Graduate knowledge 2.0885519 0.116646804 2 2 2
Pump and Pipeline Systems
Stage 1 engineer 3.3404267 0.516198614 2 3 3 3
Stage 2 engineer 3.2823041 0.577320725 2 4 4 4
Graduate knowledge 2.3861304 0.335018923 2 2 2
Pumps other than Centrifugal
Stage 1 engineer 3.0904531 0.392731752 2 3 3 3
Stage 2 engineer 3.242168 0.558234876 2 3 4 4
Graduate knowledge 1.7579233 0.247088594 2 0.5 0.5
Rheology
Stage 1 engineer 2 5200655 0 625957077 0 2 3 3
Non-Newtonian Fluids
Stage 1 engineer 2.1350723 0.68077331 0 0 3 3
Stage 2 engineer 2.2192974 0.988591679 0 0 4 4
Graduate knowledge 1.5653975 0.396344589 0 0.5 0.5
Pneumatics
Stage 1 engineer 2.5496885 0.400767935 2 3 3 3
Stage 2 engineer 2.9508558 0.631505373 4 4 4 4
Graduate knowledge 1.7313992 0.561129213 2 3 3
Air-conditioning
Stage 1 engineer 1.7376175 1.218857393 2 4 2 2
Stage 2 engineer 2.2861075 2.091923904 2 4 3 3
Graduate knowledge 1.0996169 0.32764454 2 2 2
Stage 1 engineer 2.3157144 0.543818956 2 3 3 3
Stage 2 engineer 2.7790511 0.784656732 4 4 4 4
Graduate knowledge 1.7545876 0.326745943 2 2 2
Heat Transfer
Stage 1 engineer 3.0936741 0.727892183 2 3 3 3
Stage 2 engineer 3.2983685 0.602648725 2 4 4 4
Graduate knowledge 2.6577757 0.326495068 2 3 3
Heat and Mass Balances
Stage 1 engineer 2.8159785 0.719040285 2 2 3 3
Stage 2 engineer 2.9818337 0.665794496 2 3 4 4
Graduate knowledge 2.6366835 0.562356325 2 3 3
Graduate knowledge 2.6246321 0.442917583 3 3
Heat Recovery
Stage 1 engineer 2.211638 0.612036909 0 2 3 3
Stage 2 engineer 2.4729757 0.59640711 2 3 4 4
Graduate knowledge 2.5709722 0.87892005 2 2
Waste Handling and Treatment
Stage 1 engineer 2.5476819 0.621539571 2 3 3 3
Stage 2 engineer 3.0424382 0.482184587 2 4 4 4
Graduate knowledge 1.380028 0.524580107 0 1 1
Industrial Pollution Control
Stage 1 engineer 2 6149541 0 603402947 2 3 3 3
Quality Control
Stage 1 engineer 2.8447928 1.41047501 2 2 3 3
Stage 2 engineer 3.1999094 1.428345743 4 3 4 4
Graduate knowledge 1.5828271 0.486153045 2 0 0
Quality Failure Investigation
Stage 1 engineer 2.174464 0.253224776 2 3 3 3
Stage 2 engineer 2.8164348 0.787442839 2 4 4 4
Graduate knowledge 0.6352284 0.365134248 0 0 0
Preventive Maintenance
Stage 1 engineer 2.758211 0.47873842 0 4 3 3
Stage 2 engineer 3.3376539 0.413589691 4 4 4 4
Graduate knowledge 1.3501272 0.365282002 0 2 2
Stage 1 engineer 3.0139402 0.267626982 0 4 3 3
Stage 2 engineer 3.4368932 0.28024834 2 4 4 4
Graduate knowledge 0.8676426 0.589635161 0 0 0
Control Systems
Stage 1 engineer 2.9925446 0.263902841 2 3 3
Stage 2 engineer 3.1751287 0.360086878 2 4 4
Graduate knowledge 1.8499606 0.844942867 2 3
Programmable Logic Controllers
Stage 1 engineer 2.7023835 1.251374389 2 2 3
Stage 2 engineer 2.8532956 0.705280076 4 4 4
Graduate knowledge 1.694405 1.23222244 2 3
Graduate knowledge 1.8488603 0.531845496 2 3 3
Process and Instrument Diagrams/ Schematics
Stage 1 engineer 3.3739571 0.303603108 2 4 3 3
Stage 2 engineer 3.6054449 0.454525453 2 4 4 4
Graduate knowledge 2.2431544 0.205638084 2 2 3
Eng.Drawing Conventions
Stage 1 engineer 2.4983631 0.815843767 2 3 2 2
Stage 2 engineer 2.5617055 0.84212877 2 4 2 2
Graduate knowledge 2.3806068 3.944291314 2 2
Other Engineering
Energy/LP, natural gas
Stage 1 engineer 2 0
Computer Modelling and Simulation
Stage 1 engineer 4 0
Stage 2 engineer 4 0
Graduate knowledge 1 0
HAZOP
Stage 1 engineer 3 0
Stage 2 engineer 3 0
Graduate knowledge
Mathematics
Statistics
Stage 1 engineer 2.4282923 0.804077568 2 2 4 4
Stage 2 engineer 2.4271344 0.786253014 2 3 4 4
Geometry
Stage 1 engineer 3.2799662 0.724343604 2 3 4 4
Stage 2 engineer 3.0972876 0.589474176 2 4 4 4
Graduate knowledge 3.1663145 0.231319258 4 4 4
Algebra
Stage 1 engineer 2.8270673 1.087767732 2 4 4 4
Stage 2 engineer 2.5618557 1.159370753 2 4 4 4
Graduate knowledge 3.2091219 0.292187798 4 4 4
Calculus
Stage 1 engineer 2.2569965 0.949397928 0 2 4 4
Stage 2 engineer 2.096637 0.756275348 0 3 4 4
Graduate knowledge 3.0222961 0.346461616 4 4
Stage 2 engineer 1.3935042 0.511379083 2 2 2 2
Graduate knowledge 3.0555913 0.353321024 4 4
Vectors
Stage 1 engineer 1.9648326 0.451767796 0 2 3 3
Stage 2 engineer 1.8805925 0.988794604 0 3 3 3
Graduate knowledge 2.9938398 0.381070882 2 4 4
Complex Numbers
Stage 1 engineer 0.9688457 0.578024024 0 0 2 2
Stage 2 engineer 0.9673706 0.550781986 0 0 2 2
Graduate knowledge 2.413992 0.524448156 4 4
Other Mathematics
Basic Computer Programming & Boolean Algebra
Dimensional Analysis
Stage 1 engineer 3 0
Stage 2 engineer 4 0
Graduate knowledge
Science
Organic Chemistry
Stage 1 engineer 1.7976027 2.043207686 0 1 3 3
Stage 2 engineer 1.885547 1.757418976 0 2 3 3
Graduate knowledge 1.936257 0.824166652 4 4
Inorganic Chemistry
Stage 1 engineer 1 7817087 1 843044878 0 1 3 3
Microbiology
Stage 1 engineer 2.0208047 1.687443391 0 1 2 2
Stage 2 engineer 2.2308077 1.830373074 0 2 4 4
Graduate knowledge 0.9166147 0.62914587 0 0
Biochemistry
Stage 1 engineer 1.9381138 2.144390613 0 0 2 2
Stage 2 engineer 2.0830748 2.053703127 0 1 3 3
Graduate knowledge 1.7510917 1.176763728 0 0
Physics
Stage 1 engineer 2.9302989 0.763543907 0 3 3 3
Stage 2 engineer 2.9752777 0.873475488 0 4 3 3
Graduate knowledge 2.4083656 0.418520257 3 3
Stage 1 engineer 2 0
Stage 2 engineer 3 0
Graduate knowledge 2 0
Validation
Stage 1 engineer
Stage 2 engineer 4 0
Graduate knowledge
Management
Project Management/Project Engineering
Stage 1 engineer 3.4795649 0.357988785 4 4 3 3
Stage 2 engineer 3.9703733 0.027597889 4 4 4 4
Graduate knowledge 1.576974 0.392067949 2 1 1
Graduate knowledge 0.7157927 0.584185693 1 1
Industrial Relations
Stage 1 engineer 2.21243 1.433514308 2 4 3 3
Stage 2 engineer 2.5427385 1.680837822 4 4 4 4
Graduate knowledge 0.2931143 0.220253704 0 1 1
Human Resource Management
Stage 1 engineer 1.9400148 1.415347808 0 3 0 0
Stage 2 engineer 2.6729056 1.669808383 4 4 4 4
Graduate knowledge 0.8467871 0.188774818 0 0 0
Budgeting and Budget Control
Stage 1 engineer 3 4614532 0 363072173 4 4 3 3
Risk Assessment 
Stage 1 engineer 3.5829549 0.370851085 2 3 3 3
Stage 2 engineer 3.9660695 0.037833805 4 4 4 4
Graduate knowledge 1.8011095 0.222801836 1 1
Other Management
Conflict Management/Negotiating Skills
Stage 1 engineer 3 0 3
Stage 2 engineer 4 0 4
Graduate knowledge
Team Building/ Leadership/ Communication/ Self Management/ Stewardship
Stage 1 engineer 3 0
Stage 2 engineer 4 0
Graduate knowledge
Library
Stage 1 engineer 2.0739254 0.28775501 0 3 3 3
Stage 2 engineer 2.1876689 0.548255511 0 4 4 4
Graduate knowledge 3.0069297 0.330943317 2 3.5 3.5
Australian/International Standards
Stage 1 engineer 3.0817932 0.523064859 2 3 3 3
Stage 2 engineer 3.2051346 0.483317645 2 4 4 4
Graduate knowledge 2.0535966 0.525436893 1 1
Networking
Stage 1 engineer 3.3512515 0.417334214 2 3 3 3
Stage 2 engineer 3.7307577 0.202956477 4 4 4 4
Graduate knowledge 1.1981118 0.665106835 2 0 0
Stage 2 engineer 3.2788981 0.883459552 2 4 4 4
Graduate knowledge 3.6401365 0.379822168 4 4 4
In-house Resources
Stage 1 engineer 3.3656141 0.342194947 2 3 3 3
Stage 2 engineer 3.6071464 0.244725227 4 4 4 4
Graduate knowledge 2.1072037 1.572085984 0 0
Other information souces
Industry Seminars, O/Seas Exhibitions, Plant Tours 
Stage 1 engineer 2 0 2 2
Stage 2 engineer 4 0 4 4
Graduate knowledge 0 0 0 0
Handbooks
Contractors
Stage 1 engineer
Stage 2 engineer 4 0
Graduate knowledge
Group Averages
Food Science
Stage 1 engineer 2.26594017
Stage 2 engineer 2.73264063
Graduate knowledge 0.96146202
Engineering 
Stage 1 engineer 2.74475364
Stage 2 engineer 3.0208824
Graduate knowledge 1.88798034
Mathematics
Science
Stage 1 engineer 2.0780881
Stage 2 engineer 2.5787709
Graduate knowledge 1.8968355
Management
Stage 1 engineer 2.9478298
Stage 2 engineer 3.5393041
Graduate knowledge 1.1734728
Information Sources
Stage 1 engineer 2.8972053
Stage 2 engineer 3.5012007
Graduate knowledge 2.0009964
Engineering Breakdown
Engineering 1
Stage 1 engineer 2.8021593
Stage 2 engineer 3.2366755
Graduate knowledge 2.1616661
Engineering 2 Fluids
Stage 1 engineer 2.7271412
Stage 1 engineer 2.5180501
Stage 2 engineer 2.7819621
Graduate knowledge 2.2240446
Engineering 4
Stage 1 engineer 2.6590073
Stage 2 engineer 3.1084108
Graduate knowledge 1.1930567
Engineering 5
Stage 1 engineer 2.8923089
Stage 2 engineer 2.9687958
Graduate knowledge 2.0033974
Engineering - Other Enineering
Stage 1 engineer 3
Stage 2 engineer 3
Graduate knowledge 1
Oils and 
Fats
Flour 
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Food
Bakery 
Products
O
m
Oils and 
Fats
Oils and 
Fats
Cereal 
Food & 
Baking Mix
Cereal 
Food & 
Baking Mix
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Food & 
Baking Mix
Flour Mill 
Product 
mfg.
Bread Cakes and 
Pastries
Biscuits P
A
B
H: Process 
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H: Project 
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I: R+D Eng. I: 
Manufacturing 
Engineer
I: Project 
Engineer
J: Eng 
manager/ 
Mechanical 
Engineer
K L: Generic M: Plant 
Engineer
N
10 11 12 13 14 15 16 17 18
1 1 yes yes yes
1 1 yes yes 1 yes yes
yes
yes yes yes
yes
0 0 5 4 4 0 0 6 2
550 550 1,500 1,500 1,500 101 800 750 400
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7.69 7.69 4.70 4.70 4.70 31.20 14.79 12.45 16.59
0.0 0.0 23.5 18.8 18.8 0.0 0.0 74.7 33.2
0 0 2 0 3 0 16 3
0.0 0.0 9.4 0.0 14.1 0.0 0.0 199.2 49.8
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Beverages 
& Malt
Food 
Manuf. 
Equip.
Pharmaceu
ticals
Confection
ery & 
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Products
Beer and 
Malt
Beer and 
Malt
Beer and 
Malt
Wine Food 
Manuf.Equi
p
Food 
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Equip 
Pharmaceu
ticals
Pharmaceu
ticals
Q: Control 
Eng.
R: Central 
Technical
R: Project 
Engineer  
R:Local 
Maintenance
S:General T: Project 
Engineer - 
Mechanical
T: Project 
Engineer - 
Elecrical
U:Project 
Engineers
U: Senior 
Project 
Managers
25 26 27 28 29 30 31 32 33
1 yes yes yes 2 8 yes yes
1 yes yes yes 4 yes yes
1
yes 3 yes yes
yes
6 6 10
600 3,514 3,514 3,514 1,400 250 250 1,250 1,250
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1.5 1 1 2 1 1 3
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2 3 3
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1.5 0 0 3 1 1 1 1
2 3 3
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2 3 3
1.5 0 0.5 0 0 0 1
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2
2.5 1 3 0 0 0 2
2.5 1 3 0 0 0 2 2
2 2
2 1 2 0 0 0 2
2.5 1 3.5 0 0 0 3
2.5 1 3.5 0 0 0 3 3
1 1
2.5 1 3.5 0 0 0 3
2.5 1 3.5 0 0 0 3 3
1 2
2 1 2 3 3 3 2
2 1 2 3 3 3 2 2
2 4 2 2 2
43.5 4 3.5 2 4 4 4
3.5 4 3.5 4 4 4 4 4
1 2 2.5 2.5 1
0 2 1.5 1.5 0
3.5 1 4 1 0 0 3
3.5 1 4 2 0 0 3 3
0 0
2 1 3 1 0 0 3
3 2 3 2 0 0 3 3
0 1
3 5 1 4 2 4 4 4
2.5 4 3.5 2 4 4 4
3.5 4 3.5 4 4 4 4 4
0 2 2 2 2
3 3
4 4
2.5 1 2.5 2 2 2 2
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2 3 3
3 1 3.5 3 4 4 3
3 1 3.5 4 4 4 3 3
1 3 2
4 2 4 3 4 4 4
4 4 4 4 4 4 4 4
0 2.5 2.5 1
3.5 1 2 4 4 4 3 3
3 4 3.5 3.5 4
4 4 4 4 4 4 3
4 4 4 4 4 4 3 3
0 0 3 3 3




Food Science
Stage 1 Engineer Biological and Physical Properties of Food
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Stage 1 engineer- Hygiene and Sanitation
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Stage 1 engineer - Materials Handling Systems
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Stage 1 engineer - Pump and Pipeline Systems
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Stage 1 engineer - Non-Newtonian Fluids
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Stage 1 engineer - Pneumatics
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Stage 1 engineer - Heat Transfer
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33Industry/Role
S
i
g
n
i
f
i
c
a
n
c
e
Stage 
2 
engine
er - 
Heat 
Transf
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
1 2
Industr
/Role
S
i
g
n
i
Stage 1 engineer - Heat and Mass Balance
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Stage 1 engineer - Heat Recovery
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Stage 1 engineer - Waste Handling and Treatment
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Graduate - Waste Handling and Treatment
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Graduate - Industrial Polution Control
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Graduate Quality Control
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Graduate - Quality Failure Investigation
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Graduate - Preventive Maintenance
0
0.5
1
1.5
2
2.5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33Industry/Role
A
b
i
l
i
t
y
00.5
1
1.5
2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33Industry/Role
A
b
i
l
i
t
y
Graduate - Control Systems
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Graduate - Programmable Logic Controllers
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Graduate - Engineering Drawing Conventions
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Graduate - 'Other': Computer Modelling and Simulation
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Graduate - Geometry
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Graduate - Algebra
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Graduate - Calculus
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Graduate - Vectors
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Graduate - Complex Numbers
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Graduate -Dimensional Analysis
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Graduate - Organic Chemistry
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Graduate - Inorganic Chemistry
0
5
A
b
i
l
i
t
y
Graduate - Microbiology
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Graduate - Biochemistry
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Graduate - Physics
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Graduate - Project Management/Project Engineering
0
0.5
1
1.5
2
2.5
3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33Industry/Role
A
b
i
l
i
t
y
00.5
1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33Industry/Role
A
b
Graduate - Industrial Relations
0
0.5
1
1.5
2
2.5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33Industry/Role
A
b
i
l
i
t
y
Graduate - Human Resource Management
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Graduate - Budgeting and Budget Control
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Graduate - Risk Assessment
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Graduate - Library
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Graduate - Australian/International Standards
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Graduate - Networking
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Graduate - In-house Resources
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Graduate - Industry Seminars, Overseas exhibitions, PlantTours
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Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
0.1943183 1.1117741 0.3193183 0.3193183 2.4195818 2
1.3150284 0.0383142 3.5441559 3.5441559 1.1036073
3.1003997 1.1999945 1.1999945
0 0 0 0 0
0 0 0 0 0
0.5643983 0.4580436 0.9274615 0.9274615 1.7780283
1.8994809 0.0073634 2.5149875 2.5149875 0.7831367
0.828495 0.828495
0 0 0 0 0
0.2693854 0.9202139 0.4426743 0.4426743 0.1378434
1.3565591 1.3565591
0 0 0 0 0
0 0 0 0 0
0.0008172 2.6418248 11.487058 11.487058 3.576931 3
0.4440014 5.6201814 6.2421777 6.2421777 1.9437386
1.1698467 3.8655959 3.8655959
0 0 0 0 0
0 0 0 0 0
2.0052776 0.0173881 3.2952223 3.2952223 0.0060137
3.3975711 0.4243985 0.9795919 0.9795919 0.1467781
0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1.1276753 0.0893528 13.451564 13.451564 0.5770269
0.1004494 1.4522353 0.1650659 0.1650659 0.0513995
1.6648772 2.8851406 2.8851406
0 0 0 0 0
0 0 0 0 0
0.8720436 1.2902166 4.6463013 4.6463013 0.4462212
0.2093133 0.3096857 0.3439593 0.3439593 0.1071048
0.4095435 0.6729925 0.6729925 0.8936723
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2.840018 0.2109159 0.2342584 0.2342584 0.4426648
0 0 0 0 0
1.6719294 0.000317 2.7474395 2.7474395 0.8555194
0.5421263 0.8020932 0.8908625 0.8908625 1.8067052
1.4029606 1.4029606
0 0 0 0 0
0 0 0 0 0
2.738768 1.3647217 0.1981533 0.1981533 1.4014164
4.6760284 0.3035151 0.3371057 0.3371057 2.3927046 2
0.155717 4.7618095 4.7618095
0 0 0 0 0
0 0 0 0 0
1.4470184 2.1409102 0.0180306 0.0180306 0.7404334
0.3016124 0.4462452 0.495632 0.495632 0.1543338
0.9007633 0.2112966 0.2112966
0.735169 0.2999379 0.3331326 0.3331326 0.1037335
0.3087706 0.456836 0.5073949 0.5073949 0.1579966
0.1556418 1.3702483 1.3702483
0 0 0 0 0
0 0 0 0 0
9.8082111 0.3946477 1.0286929 1.0286929 0.3203225
1.7153099 6.089E-06 6.763E-06 6.763E-06 2.106E-06
0.0454421 1.9685216 1.9685216
0 0 0 0 0
0 0 0 0 0
7.3941379 9.3320647 2.381297 2.381297 1.0195358
0.0572754 8.3526319 1.8755765 1.8755765 1.2245833
8.7030302 8.7030302
0 0 0 0 0
0.0134089 0.0220345 0.0220345
0 0 0 0 0
0 0 0 0 0
3.0724316 0.2932025 0.3256518 0.3256518 0.3806574 9
2.8117594 1.3031712 1.4473957 1.4473957 0.4507015 9
0.2549553 0.4189617 0.4189617
0 0 0 0 0
0 0 0 0 0
2.0333403 0.0206998 0.0229907 0.0229907 0.7238662
2.6384979 0.1483727 1.6138095 1.6138095 0.5025207 9
0.1002079 4.4464628 4.4464628
0 0 0 0 0
0 0 0 0 0
10 859748 0 6842843 0 6472474 0 6472474 2 0217742 2
0 0 0 0 0
7.795093 11.533091 2.1021606 2.1021606 1.1273406
8.4222302 12.46096 8.9102342 8.9102342 1.3008503
4.1903026 3.1895519 3.1895519
0 0 0 0 0
0 0 0 0 0
0.5166892 0.5130346 0.5698132 0.5698132 1.8404781
1.8822032 2.7847801 3.0929772 3.0929772 0.9631157
0.1233704 4.5222682 4.5222682
0 0 0 0 0
0 0 0 0 0
0.1177242 12.949488 0.1934533 0.1934533 1.3944084
0.1399763 7.4316916 1.4320954 1.4320954 0.4459372
1.3862796 2.2780383 2.2780383
0.1704453 1.1846642 1.3157733 1.3157733 2.4822156 2
2.5491245 3.7715117 4.1889123 4.1889123 1.3043766
0.1029886 0.1692385 0.1692385
0 0 0 0 0
0 0 0 0 0
2.0453704 0.0222003 0.0246573 0.0246573 0.007678
2.882651 1.2454854 1.3833257 1.3833257 0.0778958
0.7398638 0.3291001 0.3291001
0 0 0 0 0
0 0 0 0 0
1.1385536 1.6845267 0.0951576 0.0951576 0.0296309
1.6484354 0.0008349 2.9130222 2.9130222 0.0002888
0.6931756 0.3709169 0.3709169
0 0 0 0 0
0.395932 0.395932
0 0 0 0 0
0 0 0 0 0
8.3641957 0.1133203 1.7464563 1.7464563 1.2845583
0.3825372 0.7027192 6.5523672 6.5523672 1.8984502
0.9160859 0.9160859
0 0 0 0 0
0 0 0 0 0
0.5129239 0.5176169 0.5749026 0.5749026 0.1790177
1.8582183 2.3198193 2.5765582 2.5765582 0.0015759
3.2566562 0.4058238 0.4058238
0 0 0 0 0
0 0 0 0 0
0 6466681 0 3750987 0 4166117 0 4166117 2 282067 2
0 0 0 0 0
1.220384 1.8055973 0.0676909 0.0676909 2.9778528 2
1.0946479 0.1011083 1.7988074 1.7988074 4.2346511 4
0.2975969 7.0400096 7.0400096
0 0 0 0 0
0 0 0 0 0
0.0520485 1.7242193 1.915042 1.915042 0.5963209
1.1398275 3.5440913 3.9363228 3.9363228 0.0294842
0.6900108 1.1338775 1.1338775
0 0 0 0 0
0 0 0 0 0
13.009215 3.901361 0.164278 0.164278 1.3492849
0.7501811 1.109917 1.2327537 1.2327537 0.3838646
3.1170624 1.1867603 1.1867603
15.533359 2.4599541 0.0005461 0.0005461 0.8507746
3.5305722 0.8022358 0.8910208 0.8910208 0.2774531
1.2872944 2.1153784 2.1153784
0 0 0 0 0
0 0 0 0 0
1.6845977 0.0001406 0.0001562 0.8880955
2.3613861 1.7214439 1.9119594 0.595361
0.0384952 3.7164797
0 0 0 0 0
0 0 0 0 0
0.8436159 1.2481569 20.521084 0.2488973 1.4733324
2.2485321 3.3267755 3.6949562 1.1505647
0.159694 4.7898647
0 0 0 0 0
0.0390619 3.7235943 3.7235943
0 0 0 0 0
0 0 0 0 0
3.2280665 0.9915821 0.3929614 0.3929614 0.3429385
4.4074452 0.3938545 0.4374432 0.4374432 0.1362145
0.1011021 0.1661385 1.6096111
0 0 0 0 0
0 0 0 0 0
0.4247054 0.6366482 0.6979078 0.6979078 1.9644554
0.5395274 5.2337881 0.8865918 0.8865918 2.1340587 2
9.6910634 14.33824 0.4070608 0.4070608 4.9588774
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.3136727 0.4640888 6.9414447 6.9414447 1.7850166
0.3119789 0.8302827 6.9516762 6.9516762 1.7821236
0 0 0 0 0
2.8015161 0.1983041 1.4568407 1.4568407 0.4536426
2.0589084 2.0616711 2.2898402 2.2898402 0.7130285
1.1885038 1.9530385 1.9530385
0 0 0 0 0
0 0 0 0 0
1.1697089 3.4807011 3.865917 3.865917 0.0261675
0.5398159 5.2326956 5.8118081 5.8118081 0.1679741
1.0695848 1.7576219 1.7576219
0 0 0 0 0
0 0 0 0 0
8.7107969 0.1670994 8.5369518 8.5369518 1.3825352
7.5169661 2.0646438 10.180042 10.180042 1.0522861
2.6860928 2.6860928
0 0 0 0 0
0.6290016 0.9306281 1.0336226 1.0336226 0.1354898
2.5062611 2.5062611
0 0 0 0 0
0 0 0 0 0
6.6015699 0.003129 3.011116 3.011116 0.8145392
6.0476344 3.1702749 3.5211353 3.5211353 0.6785128
1.6889971 2.8447268 2.8447268
0 0 0 0 0
0 0 0 0 0
1.605112 2.3748149 2.9878145 2.9878145 0.0008493
1.6002282 2.367589 2.9963688 2.9963688 0.0009316
7.0683343 7.0683343
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
5.5256521 1.6095103 4.0625835 4.0625835 1.2650394
6.0795416 0.0331417 3.4900355 3.4900355 1.0867548
11.967889 11.967889
0 0 0 0 0
0 0 0 0 0
5 4283711 1 5460034 4 1706964 4 1706964 1 2987044
0 0 0 0 0
6.9830445 2.636367 0.0012163 0.0012163 0.8389705
8.5098203 0.1347787 8.7954161 8.7954161 0.5176997
2.3609127 2.3609127
0 0 0 0 0
0 0 0 0 0
6.4232478 9.5034018 0.010762 0.010762 0.9866519
7.4200328 2.9678189 2.3625128 2.3625128 0.7356579
8.6163652 8.6163652
0 0 0 0 0
0 0 0 0 0
14.683174 0.0122914 0.0136517 0.0136517 0.004251
15.137395 2.6566409 0.0017174 0.0017174 0.0005348
0.9835878 0.9835878
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0.4631581 0.6852573 0.6462508 0.6462508 0.2012347
0.0015009 0.0022207 0.0024664 0.0024664 0.000768
0.3060062 0.9354461 0.9354461 0.2912866
0 0 0 0 0
0.2269744 0.2269744 0.4483143
0 0 0 0 0
0 0 0 0 0
0.0771663 8.0843781 1.7429487 1.7429487 0.5427331
3.6313751 5.3727363 5.9673474 5.9673474 1.8581598
0.1469164 1.4041214 1.4041214 0.0751765
0 0 0 0 0
0 0 0 0 0
6.4358541 2.8426287 10.575877 10.575877 0.9831226
3.011617 4.4557842 4.9489144 4.9489144 1.5410321
1.2261529 2.0149062 2.0149062
0 0 0 0 0
0 0 0 0 0
0 4959559 0 7337827 0 5983587 0 5983587 0 1863216
0 0 0 0 0
4.2848261 0.8597861 0.9549403 0.9549403 0.1521858
0.0019687 0.0029127 0.0032351 0.0032351 0.0010074
1.8033917 1.8033917 2.8384959 2
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0
0
0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
7.3549951 2.1697636 2.4098956 2.4098956 0.0047818
8.1838808 8.3098963 9.2295687 9.2295687 0.0308172
1.7337818 0.6831624 0.6831624
0 0 0 0 0
0 0 0 0 0
2.0011729 0.016926 0.0187993 0.0187993 0.7377157
2.4835176 1.5984818 1.7753888 1.7753888 0.5528346
3.119285 3.119285 0.9713076
0 0 0 0 0
0 0 0 0 0
3.1222556 0.3121453 0.346691 0.346691 0.3682653
0.1239603 0.1834033 0.2037009 0.2037009 0.06343
1.0995723 4.0336758 4.0336758
0 0 0 0 0
2.7968422 1.3155697 1.4611663 1.4611663 1.4311327
0.221448 0.3638999 0.3638999
0 0 0 0 0
0 0 0 0 0
3.1889822 0.3381944 0.375623 0.375623 0.1169645
0.263911 0.3904648 0.4336783 0.4336783 0.1350422
12.477264 12.477264
0 0 0 0 0
0 0 0 0 0
0 0
0 0
0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
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Cell 
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Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
0.1669858 0.5053519 3.0750787 0.2886365 0 7.1276583 0.4602275 1.2260275 0.5580842 4.9344286
0.0057547 1.4504553 6.0593896 1.953317 0 0.2456349 1.5722291 3.5189306 1.6018071 0.0417973
0.6889777 2.0850641 3.1185307 0 1.1914536 0.5423463 0.3313981
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.1254218 0.3795661 0.5676988 0.838346 0 32.959564 0.7332319 0.0154878 1.087804 0.9109586 3
0.4221069 1.2774287 1.910589 2.8214512 0 14.517116 3.624804 2.4970872 1.1366669 2.4702368
0.0793661 0.2401869 0.3592361 0 0.8225982 0.3744443 0.5764486
0 0 0 0 0 0 0 0 0 0
0.9765645 0.418279 4.4202391 0.4001398 0 2.5552232 10.408121 0.4395236 0.2000699 0.4347975
0.6473377 1.9590484 2.930055 0 1.3469039 0.6131068 0.2570686
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0001816 0.0005496 1.6456208 0.0012139 0 0.0077515 3.8748629 0.0013333 0.0006069 2.8819907
0.098667 0.2985975 3.9194795 0.6595109 0 4.2115225 9.2290071 6.1977494 2.8211978 6.1311069
0.5227496 1.5820054 2.3661299 0 1.9086972 0.8688335 0.0824933
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.3196061 4.226554 2.0170044 0.0174568 0 59.612788 0.0278347 0.4853781 2.5503714 3.2365884
0.1324715 2.9088928 3.4174399 0.426076 0 41.028036 1.4118674 3.3174233 5.5497773 0.9621615
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.5362466 0.0406149 2.4272217 1.6750265 0 10.696429 19.387485 3.9371793 1.7921927 0.0974758
0.2181223 0.0675537 0.9872904 0.1492055 0 0.9528003 2.3247245 1.6014769 0.7289877 0.1621288
0.3699727 1.1196543 1.6746133 0 0.0004922 0.000224 2.6871702
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0310565 0.0939866 0.1405713 1.2953163 0 1.3256202 6.6966264 0.2280198 0.1037939 0.2255679
0.0465141 0.1407662 0.2105373 0.3109098 0 6.8557995 0.0912892 0.3415112 0.1554549 0.337839
0.0910097 0.275424 0.4119384 0 0.6682025 0.3041639 0.7196043 3
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.6311151 1.9099537 0.1433895 1.2849928 0 8.2057412 0.3376322 0.232591 0.1058748 4.5838888
0 0 0 0 0 0 0 0 0 0
1.5030321 1.1243969 0.0002155 2.597186 0 0.0020326 0.0005075 0.0003496 0.0001592 2.6985526
2.2567031 0.2195573 0.5452966 0.8052636 0 3.0967127 1.2839833 0.8845218 0.4026318 0.8750108
0 1.3929751 0.6340783 0.2376013 4
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0267965 0.6203281 0.1212896 1.3701159 0 8.7493228 6.4865557 0.196743 0.0895568 0.1946275
0.0455872 0.1379614 0.7348579 0.3047148 0 1.9458557 1.7303341 0.3347064 0.1523574 0.3311074
0.1852618 0.5606607 0.8385534 0 4.7279176 2.1521345 0.2513327
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.443317 0.0073791 0.0110365 2.1493723 0 13.725519 4.7248254 3.2548797 1.4816119 0.0177097
0.9486584 0.3868894 0.3033762 0.448009 0 2.860908 0.7143451 0.4921044 0.2240045 0.486813
0.6169782 1.8671709 2.7926383 0 0.2097927 0.095497 1.4538635 2
0.1633709 0.4944119 0.2039103 4.5902413 0 1.9229218 0.4801377 0.3307615 0.1505617 0.3272049 2
0.0686157 2.8529635 0.3105762 0.4586416 0 5.3639978 0.7312987 0.5037835 0.2293208 0.4983665
1.0960139 3.3168842 4.9609051 0 0.2539419 0.1155936 1.3458667
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.9789478 0.1793853 0.6296625 6.5434934 0 5.9378641 1.4826356 1.0213712 0.4649252 0.4305247
0.3788219 1.153571 4.14E-06 2.532125 0 3.904E-05 4.0374434 2.7813499 1.2660625 6.643E-06 3
0 0.0741425 0.0337494 0.0733452
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1.401654 0.0072567 6.3443286 0.0160279 0 18.89928 4.7189941 0.0176055 0.008014 0.0174162
1.2545455 0.0385185 5.6784691 0.0850757 0 22.700276 0.1356523 0.0934493 0.0425379 0.0924445
0.0219106 0.0663084 0.0991743 0 0.16087 0.0732276 0.1591402 2
0 0 0 0 0 0 0 0 0 0
0.0029797 0.0090177 0.0134873 0 0.0218776 0.0099586 0.0216424
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0440383 0.5002925 0.1993313 4.5637288 0 1.8797408 0.4693557 0.323334 0.1471807 4.9590124
0.1957332 0.5923506 0.8859504 4.1765315 0 1.2926625 2.0861041 1.437094 0.6541611 4.5382783
0.1431976 0.4333613 0.6481577 0 5.3605873 2.440124 0.4115068
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0031091 0.951367 0.0140726 3.0202832 0 0.1327081 0.0331361 0.0228271 0.0103908 3.2818825
0.2182376 0.6604558 0.9878122 3.9191723 0 0.951227 2.3259531 1.6023233 0.729373 4.2586282
0.0222684 0.0673913 0.1007939 0 1.6027093 0.7295487 0.1617391
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0875281 0 2648877 3 7671547 5 8689216 0 3 7360685 9 3579262 0 754606 0 3434945 0 746492
0 0 0 0 0 0 0 0 0 0
0.2842779 0.8603148 5.9820829 3.2725086 0 0.2959264 0.0738904 0.0509023 0.0231706 0.0503549
1.2049427 3.6465371 5.4539512 3.7761826 0 0.7800415 2.4684612 0.1341748 0.061076 0.1327321 2
0.0717741 0.2172112 0.3248724 0 0.8918914 0.4059864 0.5213069
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.1148198 0.347481 0.3487824 5.3426451 0 4.900993 0.821261 0.5657576 0.2575312 0.8339544
0.0009178 1.0397457 1.8932102 2.7957872 0 14.664935 4.4578496 3.0709631 1.3978936 2.4953897
1.1391424 3.4474045 5.156118 0 1.4924958 0.6793798 0.1991241
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.2067502 0.6256915 0.9358168 0.1748652 0 8.8249705 2.2035222 0.1920764 0.0874326 0.190011
0.6285475 1.9021834 5.0523753 0.207918 0 26.829056 6.6989936 0.2283824 0.103959 8.1072999
0 0.0276866 0.0126029 0.0273889
0.6578197 1.9907702 2.9774997 0.253176 0 1.6167383 7.0109731 0.2780949 0.126588 0.2751047 2
1.2027087 3.6397764 2.5640317 1.5415785 0 9.8442536 12.818343 4.1590979 1.8932095 4.1143764
0 1.5886329 0.7231411 1.5715508
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0033344 0.9446406 2.0573316 3.0381525 0 13.32354 17.753058 3.3371832 1.5190762 3.3012995
0.187069 0.5661297 2.8995087 4.2818325 0 7.9848906 6.8273314 0.2483763 0.1130602 4.6526999
0.6845951 2.071801 3.0986937 0 1.2071461 0.5494895 1.1941661
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.5327247 1.6121931 1.1452118 8.3763555 0 0.5492729 13.356 1.8576401 0.8455925 1.8376655
0.3939318 1.1921621 1.6580754 9.9762681 0 0.0053529 3.9041891 2.892289 1.3165616 2.6606326
0.7062801 2.1374267 3.1968469 0 7.4736647 3.4019907 1.1188098
0 0 0 0 0 0 0 0 0 0
0.1482628 0.44869 0.6710842 0 1.088561 0.4955098 1.076856
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0170204 1.6882766 0.0770399 3.7288891 0 0.7265041 5.9456697 0.1249659 0.0568841 1.7153805 2
0.0850083 0.2572619 0.477738 5.5109297 0 3.6285112 0.0029578 0.6241397 0.2841066 6.4357771
0 0.8997854
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.9102213 0.3449488 0.5159234 0.5196628 0 4.8652778 0.8285962 0.8368758 0.3809435 0.564673
1.5851904 1.249679 0.0030977 0.0045745 0 17.625907 3.7135447 0.0050248 0.0022873 2.5307119
0.1460588 0 0.4029354 0.183415 1.0608481 3
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 9910691 2 9992881 0 6504498 0 3765814 0 2 4047833 0 6004545 1 0550901 0 480274 1 0437451
0 0 0 0 0 0 0 0 0 0
0.0091539 0.0277027 5.8536078 0.0611868 0 55.200883 0.0975616 1.9911528 0.906367 0.0664864 2
0.2432551 0.7361667 8.3241142 0.101508 0 78.498333 2.5925872 0.1114989 0.050754 1.7668002
0.7631841 0 0.4855528 0.2210222 0.9375372
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0115663 0.7837361 0.0523528 0.0773118 0 0.4936995 2.760114 0.0849212 0.0386559 0.0840081 2
0.253295 1.6109506 1.1464931 1.6930771 0 10.811697 0.1364696 0.0940124 0.0427942 3.8662814 2
0 5.1966583 2.365504 0.367241
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.2184559 0.6611165 0.9888004 3.9167814 0 0.9482523 0.2367708 0.1631088 0.0742466 0.1613549
0.6799408 2.0577156 3.0776268 1.114304 0 1.8492446 0.4617411 1.2239796 0.557152 1.2108185
0 0.3383458
7.385E-05 0.0002235 0.0003342 0.0004936 0 0.003152 0.000787 0.0005422 0.0002468 0.0005364
0.1204939 0.219507 0.5453935 0.4848242 0 3.0960034 0.7730465 0.884679 0.4027034 0.8751664
0.4872486 1.4745682 2.2054412 0 3.5774307 1.6284362 3.5389637
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.374355 1.1329166 1.6944491 0.0001412 0 0.0009016 0.0002251 0.0001551 7.059E-05 0.0001534
0.5247525 1.5880667 0.0527525 0.077902 0 0.4974686 0.1242138 1.8983512 0.864124 1.8779388
1.7566144 5.3160698 7.9509914 0 0.062808 0.02859 0.0621326
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.1874702 3.3328262 0.8485493 0.2249819 0 1.4366955 6.8194243 0.2471258 0.112491 1.3616257 2
0.2766831 3.9499101 0.0370182 0.0546664 0 0.3490899 0.0871649 3.6686576 1.6699624 0.0594012
1.0909832 3.3016597 4.9381345 0 0.2605533 0.1186031 0.2577516
0 0 0 0 0 0 0 0 0 0
0.0086804 0.0262697 0.0392903 0 3.6970919 1.6829056 0.0630472
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0531407 0.1608205 0.6741191 0.3552036 0 2.2682685 1.5873152 0.3901646 0.1776018 0.3859692
0.059156 0.1790248 0.2677588 0.9310714 0 5.9456604 17.953238 0.4343297 0.1977056 0.4296595
0.2176698 0.6587376 0.9852424 0 0.1649561 0.0750875 0.1631823
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.095623 0.2856206 0.4328201 0.6391646 0 4.0284926 9.1323994 0.6929405 0.3154245 0.6854895
0.0729988 0.3628401 3.5581485 0.4879392 0 5.1176226 8.3781984 0.5359647 0.2439696 0.8708162
0.0550474 0.1665907 0.2491618 14.394913 0 91.92342 22.952518 1.0703779 0.487233 0.3998177 3
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.1242029 2.8408048 0.315507 0.4659232 0 5.3015016 10.004573 0.9119106 0.4150991 0.9021051
0.9400843 2.844992 0.3138034 0.4634073 0 5.322998 10.01932 0.9156082 0.4167822 0.9057629
0 0 0 0 0 0 0 0 0 0
0.1970105 0.596216 0.8917317 0.1990879 0 26.573445 0.3174434 0.2186832 0.099544 0.2163318
0.3096581 0.9371232 1.4016104 0.0240408 0 19.529529 0.0383327 2.2735424 1.03491 0.026123
0.264112 0.7992862 1.1954541 0 0.0771728 0.0351289 3.7543992
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.522793 1.5821369 2.3663264 0.0759606 0 22.315009 0.1211182 1.9084724 0.8687311 0.0825398
0.7859385 2.378498 3.5574057 0.487605 0 33.547163 0.7774803 0.8807522 0.4009159 0.5298385
0.2376855 0.7193114 1.0758397 0 0.1220122 0.0555396 4.035053
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.2097806 0.6348623 0.1136012 4.0133022 0 8.9543188 0.2674912 4.4083123 2.0066511 0.1822903
1.3766605 4.1662094 0.0160626 3.0546361 0 13.23657 0.0378218 0.026055 0.0118602 0.0257748
0.0001889 0.0005717 0.000855 0 2.9157992 1.3272635 2.8844466
0 0 0 0 0 0 0 0 0 0
0.1397781 0.4230128 0.2663343 0.3933076 0 5.9663196 1.4897407 5.4177722 2.4661544 0.4273736
0 3.1088214 1.4151266 3.0753932
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.00047 0.0014223 1.843103 2.364491 0 0.02006 4.3398647 2.5972165 1.1822455 2.5692894
0.0054181 0.0163969 2.1552857 1.9696258 0 0.2312671 18.192146 2.1634866 0.9848129 2.1402233
0 2.7557322 1.2544014 2.7261006
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0003688 0.0011162 0.0016694 0.0024653 0 17.246388 4.3062807 2.618867 1.1921007 0.0026788
0.0004046 0.0012244 0.0018312 0.0027043 0 17.295766 4.3186098 2.6108986 1.1884735 0.0029385
0 0.4730346
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
7.494E-32 2.268E-31
0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0155666 1.6626231 1.0942125 1.615872 0 78.675983 13.087071 1.7749145 0.807936 1.7558294
0.0049778 1.4283063 1.3488128 1.9918514 0 72.518185 14.398914 0.0365476 0.0166364 2.164374
1.6184333 4.8978904 7.3255404 0 0.0113362 0.0051602 0.0112143
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0181074 0 0547987 1 0510379 1 5521141 0 79 815638 12 856668 1 7048812 0 7760571 1 6865492
0 0 0 0 0 0 0 0 0 0
0.3959761 0.0004978 1.7923128 2.6467874 0 15.552115 16.53879 2.6751172 1.2177057 2.8760367
0.0202434 0.061263 2.6056068 3.8478147 0 9.5966725 20.154838 1.6507223 0.7514041 4.1810899 4
0.3192693 0.9662098 1.4451139 0 0.0193992 0.0088305 3.2394775
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.3344219 0.0044044 1.513699 2.2353463 0 68.957295 15.212955 0.0106854 0.004864 2.4289589
0.4457594 0.0079366 0.0118704 2.9795494 0 59.60205 17.573762 0.019255 0.0087648 3.2376206
1.9218836 5.8162268 8.6990523 0 0.1728554 0.0786833 0.1709967 4
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.434819 1.3158996 1.9681281 2.1982582 0 18.559905 4.6342551 0.0135545 0.00617 0.0134088
0.3990212 1.207564 1.8060958 2.4159634 0 17.031903 4.2527255 2.9296554 1.3335707 2.8981537
0.962654 2.913295 4.3572761 0 0.4652673 0.2117883 0.4602644
07.494E-32
0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0873933 2.5174791 0.3955699 0.6879659 0 3.730316 1.0969534 0.6416511 0.2920778 0.6347517
0.0003335 1.0828681 0.0015097 0.0022295 0 0.0142369 0.0035548 0.0024489 0.0011147 0.0024226
0.1265016 0.3828338 0.5725862 0 0.4992733 0.2272678 0.4939048
0 0 0 0 0 0 0 0 0 0
0.1946965 0.5892131 0.8812578 0 1.4294821 0.6506962 0.2229357
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.5585949 0.7133064 2.5283769 8.1163322 0 0.7319521 12.941396 0.125903 0.0573107 0.1245492
0.9044159 0.2404513 0.3596316 5.3939724 0 4.777845 8.6006253 0.8218365 0.3740976 5.8611669 3
0.0326481 0.0988034 0.1477755 0 1.379137
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.3357786 1.292104 1.9325381 2.8538644 0 0.0583632 4.5504531 3.1347565 1.4269322 2.4388127
0.6692482 2.0253564 3.0292288 0.2717565 0 7.3444479 7.132777 4.9136908 2.236698 4.8608554 4
0.0456993 0.1383005 0.2068495 0 0.065493 0.0298122 0.0647887
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 8116212 2 4562221 0 3662551 0 736683 0 3 4538709 0 862403 0 5940999 0 2704326 0 5877117
0 0 0 0 0 0 0 0 0 0
0.9521836 0.3908119 0.5845186 0.8631845 0 2.8210896 0.7044028 0.9481436 0.4315923 0.9379485
0.0004375 0.001324 0.0019802 2.3705571 0 0.0186738 0.0046627 0.0032121 0.0014621 0.0031775
0 0.1103653 0.0502379 0.1091785
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1.40971 0.9862562 1.4750962 0.013881 0 0.0886418 0.0221331 0.0152473 1.0891699 3.1831518
1.2481267 3.7772256 1.1349967 0.0894578 0 0.5712622 0.1426394 0.0982627 4.1713709 0.0972061 2
1.825E-05 5.522E-05 8.26E-05 0 2.8288019 1.2876625 2.7983847
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.4447051 0.0076937 1.4501383 0.0169929 0 0.1085139 4.7396201 0.0186655 0.0084965 11.961462
0.5518928 0.0483922 1.0867149 0.1068837 0 0.6825411 5.8820153 0.1174038 0.0534419 4.0084845
0 0.0080145 0.0036482 0.0079284
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0468835 0.1418842 0.2122094 0.3133791 0 2.0011844 0.4996792 0.3442235 0.1566895 0.3405221 2
0.0275467 0.0833651 0.1246853 1.3563772 0 8.6615901 2.1627275 0.2022511 0.0920641 0.2000763
0.0149143 0.0451355 0.067507 0 0.1095027 0.0498453 1.7747483
0 0 0 0 0 0 0 0 0 0
0.029558 5.9723828 18.492017 13.191176 0 8.4342056 0.3150257 4.5632689 2.0771869 1.4351669
0 7.5052331 3.4163606 7.4245316
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.050796 0.1537247 0.2299187 0.3395311 0 6.5276653 0.5413784 0.3729496 0.1697656 0.3689393
0.0586469 0.177484 0.2654544 0.936312 0 2.5032963 1.4929385 1.0284687 0.468156 0.4259616
0.3028924 0.916648 1.3709865 0 0.0320645 0.0145956 0.0317197
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0


Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
Cell 
Variance
0.0284091 0.2443183 9.6006817 14.392083 10.137798
0.1922556 1.6533982 4.1296505 6.1906306 0.3493709 0.0743568
0.2581543 2.2932279 3.4377066 2.7700557
0 0 0 0 0 0
0 0 0 0 0 0
0.0825144 5.3300006 13.312606 19.956514 4.1767059
0.2777019 9.070215 5.9650366 8.9420008 0.067144 0.0142903
0.4490451 1.5832804 2.3734464 4.8183588
0 0 0 0 0 0
0.6424766 0.338701 1.9531813 2.9279533 3.6343403 0.7734985
3.6625688 2.5924279 3.886228 2.1487582
0 0 0 0 0 0
0 0 0 0 0 0
0.0680847 8.4130245 5.1377812 7.701888 0.011025
2.284E-05 13.540451 12.23698 18.344076 5.5490909 10.90715
3.673729 5.5071729 0.6895365
0 0 0 0 0 0
0 0 0 0 0 0
0.0434927 2.5212555 0.0369067 0.0553257 27.053658
0.0020445 4.2717999 1.8720315 2.8063043 45.837406 9.7555988
0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0.1648648 3.0340271 0.189654 0.2843044 15.213725
0.0146856 6.64193 0.3154462 0.4728756 1.3551851 0.2884247
0.0003793 0.0040698
0 0 0 0 0 0
0 0 0 0 0 0
0.0114618 1.0964291 0.4388767 0.6579065 11.764939
0.0056351 0.2631717 2.2697684 3.4025392 2.8238933 0.6010107
13.323647 1.2861102 1.9279677 6.0149534
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0.0208415 3.5707829 2.7166973 4.0725165 1.9232528
0 0 0 0 0 0
3.133E-05 2.1021334 5.4909011 8.231239 0.002891
0.0477299 4.4393327 1.7024667 2.5521149 4.4045106 0.9374143
0.4622895 0.6930038 1.986037
0 0 0 0 0 0
0 0 0 0 0 0
0.4004047 1.1597438 8.6006923 12.89303 12.44432
0.6836299 0.2579279 2.2942949 3.4393061 2.7676259 0.5890352
0.1957845 0.4890061 0.7330538 11.247341
0 0 0 0 0 0
0 0 0 0 0 0
0.08413 20.397131 0.034457 0.0516534 0.1480303
0.2916119 27.555599 0.9471687 1.4198711 7.7613373 1.6518494
0.4037946 0.6053159 12.152403
0.1782168 0.2548879 14.72075 22.067419 2.7350065
0.0014088 0.7110108 1.7758735 2.6621567 4.165694 0.8865868
0.19569 15.488407 23.218189 39.089908
0 0 0 0 0 0
0 0 0 0 0 0
0.0389968 0.3353725 0.8376514 1.2556971 3.5986252
0.2507763 2.1566762 1.292E-05 1.937E-05 5.553E-05 1.182E-05
0.1427043 0.2139236 0.6130704
0 0 0 0 0 0
0 0 0 0 0 0
0.0442184 1.8219888 4.5507349 6.8218651 0.1455763
0.0251199 1.4350497 3.5842868 5.3730929 0.7727155 0.1644574
1.241435 0.3096315 0.464159 1.3302048
0 0 0 0 0 0
1.7860858 0.0421086 0.0631236 0.1809021
0 0 0 0 0 0
0 0 0 0 0 0
0.0063659 0.9353295 2.3361487 3.5020478 10.036304
0.0118479 1.107438 2.7660196 4.1464539 1.8385773 8.0735314
0.3205579 2.0236087 3.0335289 0.2991322
0 0 0 0 0 0
0 0 0 0 0 0
0.0419322 1.7786426 4.4424702 6.6595689 0.1887531
0.0166193 1.2347652 3.0840416 4.6231908 1.3529475 7.5760378
0.1259924 0.314688 0.471739 1.3519277
0 0 0 0 0 0
0 0 0 0 0 0
0 0001007 0 4952249 1 4524137 2 1772682 5 313878
0 0 0 0 0 0
0.0045611 9.8008479 4.0172962 6.0222038 0.4209015
0.0120228 10.589354 3.2729967 4.9064476 1.1094671 7.2996286
4.3574459
0 0 0 0 0 0
0 0 0 0 0 0
0.0006172 0.435978 1.6225852 2.4323671 4.6781458
0.0508177 0.0051926 0.0129694 0.019442 0.0557176 4.4392621
0.3874262 0.5807786 1.6644177
0 0 0 0 0 0
0 0 0 0 0 0
0.0172111 3.4262607 16.213719 24.305482 36.764574
0.0204644 1.0957314 28.065164 42.071614 67.766453 2.5023447
2.5996881 0.2289356
0.1170617 1.0067305 0.535258 0.8023886 10.802452
0.0122046 3.2050396 3.2591641 4.8857115 1.1262404 0.2396983
1.2242153 1.3894424
0 0 0 0 0 0
0 0 0 0 0 0
0.0881122 0.0188659 4.4110611 6.6124845 0.2024355
0.1593481 1.0584164 2.6435797 3.9629081 2.0537786 8.2770857
2.3234318 3.4829844 2.7019001
0 0 0 0 0 0
0 0 0 0 0 0
0.008466 1.4315148 7.5282407 11.285351 0.7812408
8.25E-05 2.0725942 5.5668788 8.3451349 0.0076135 4.7332268
0.8715366 2.1768147 3.2631953 3.0452142
0 0 0 0 0 0
4.0670194 2.0951872 3.14083 3.250588
0 0 0 0 0 0
0 0 0 0 0 0
0.4149692 6.8762133 3.3375338 5.0031932 1.0333199
0.2636947 5.0133771 1.4915424 2.2359248 5.1608972 1.0983964
0.3957395 4.246377
0 0 0 0 0 0
0 0 0 0 0 0
0.2267274 0.4398721 1.6107609 2.4146416 4.7199295 31.869254
0.0523407 1.9713879 0.0096714 0.0144981 0.0415491 0.0088429
0.3105058 8.8673065
0 0 0 0 0 0
0 0 0 0 0 0
0 1958266 0 8130623 10 301552 15 442736 8 7243472
0 0 0 0 0 0
0.0060223 0.051792 7.1662851 10.742755 30.787001
0.0099909 0.0859221 3.4375786 5.1531672 14.768145 3.1431119
0.3741715 4.0149474
0 0 0 0 0 0
0 0 0 0 0 0
0.8331454 0.0654411 0.1634505 0.2450235 0.7021978
0.3502067 1.4331164 7.5224389 11.276654 15.377672 0.1654483
2.1668761 3.2482966 3.0696556
0 0 0 0 0 0
0 0 0 0 0 0
0.0146155 1.2360004 3.0871267 4.6278156 1.3487165
0.0285025 0.9432101 2.3558317 3.5315541 2.6302141 0.5597898
0.9080194 2.2679369 3.3997937 2.82813
0.2430785 0.0004178 0.0010436 0.0015644 0.0044832
0.0792723 0.6817419 1.7027693 2.5525686 4.4035017 0.9371995
2.7568015 4.042556 6.0600699 0.4041512
0 0 0 0 0 0
0 0 0 0 0 0
0.0643777 0.0001195 5.2902277 8.170479 0.0012823
0.0263853 0.0659407 7.4155809 5.4773215 0.7075586 0.1505901
2.8435698 3.8794653 10.646855 16.66653
0 0 0 0 0 0
0 0 0 0 0 0
0.159048 0.1904374 2.64925 13.554658 11.381415 35.857125
0.1045567 0.0462727 3.9099686 10.585195 16.797575 3.5750365
3.6648431 2.5894052 42.791933 11.124316
0 0 0 0 0 0
0.0491129 0.122668 0.1838878 16.623408
0 0 0 0 0 0
0 0 0 0 0 0
0.0979824 0.3006644 0.7509619 1.1257436 9.0418178
0.0389184 0.3346985 0.8359679 1.2531735 3.5913929 0.764358
1.231553 0.3174961 0.4759485 1.3639916
0 0 0 0 0 0
0 0 0 0 0 0
0.0629099 4.8480639 12.108885 18.152053 5.7297981
0.0480255 4.4476856 11.10887 16.652962 7.2788874 1.5491694
1.4168221 0.8248432 2.0601897 3.0883664 3.3419548 27.826387
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0.2871393 0.7027268 10.954902 16.422153 4.2318296
0.2877601 0.7055762 10.937147 16.395537 4.2089788 0.8957991
0 0 0 0 0 0
0.0195953 0.1685193 2.7840693 4.1735118 11.960611
0.0023662 0.0203495 4.375958 6.5598625 0.2183545 0.0464725
0.0594701 0.148537 0.2226672 0.6381282
0 0 0 0 0 0
0 0 0 0 0 0
0.8345437 1.4706866 17.925999 26.872307 0.6899252
0.6098483 0.6787159 13.099541 19.637115 7.282779 1.5499976
0.0940237 1.0088963
0 0 0 0 0 0
0 0 0 0 0 0
0.3950101 0.1420015 8.4848161 12.719324 12.73589
0.3006532 0.0200782 6.4580299 9.6810318 0.2154439 0.045853
0.0010688 0.0114685
0 0 0 0 0 0
0.4854635 5.5487821 0.8315204 1.2465064 3.5722861 0.7602915
0.0066443 0.0712953
0 0 0 0 0 0
0 0 0 0 0 0
0.0540173 0.002659 0.0066413 0.0099558 0.0285317
0.0362127 0.030655 6.7290024 10.087238 17.889475 3.8074262
8.159E-05 0.0008755
0 0 0 0 0 0
0 0 0 0 0 0
0.0549541 2.0181233 5.040615 7.5562291 0.0223915
0.0546088 2.0119828 5.0252779 7.5332378 0.0245621 0.0052276
3.9539524
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0.3614398 6.9474573 17.352486 26.012573 0.9450548 15.866054
0.3105014 7.643868 19.091894 28.620064 0.3022053 0.0643185
0.0937373
0 0 0 0 0 0
0 0 0 0 0 0
0 0119128 6 8251449 17 04699 25 554612 1 0993103
0 0 0 0 0 0
0.5470047 8.7798513 21.92921 32.873397 22.120055
0.4027123 10.699482 26.723822 40.06085 13.649521 2.9050347
0.1604083
0 0 0 0 0 0
0 0 0 0 0 0
0.6098721 8.0760133 20.171252 30.238096 26.013783
0.5019193 9.329281 23.301507 34.930564 19.396146 4.1280917
1.4293097
0 0 0 0 0 0
0 0 0 0 0 0
0.216364 0.0104452 0.0260888 0.0391089 19.96607
0.2377917 0.0013141 0.0032821 0.0049201 21.943416 4.6702284
5.4465951 0.8955145 1.3424379 3.8472102
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0.0001044 4.7065914 1.454479 2.1803642 6.2485717
0.0553128 0.0018871 0.0047135 0.0070658 0.0202494 0.0043097
0.3847447 4.5751167 6.8584152 7.6799792
0 0 0 0 0 0
3.5457551 3.3024485 4.9505979 11.820126
0 0 0 0 0 0
0 0 0 0 0 0
0.7988516 3.1604712 26.285327 39.403516 14.309547
0.5309028 0.6333148 34.719836 52.047427 4.8236627 1.0266226
1.9820825
0 0 0 0 0 0
0 0 0 0 0 0
0.2808922 1.8997998 20.21084 30.297442 25.920729
0.0267477 0.9735242 38.365559 57.512617 2.4682763 0.5253245
0.5415493
0 0 0 0 0 0
0 0 0 0 0 0
0 0725082 4 5920675 1 5574756 2 3347632 6 6910543
0 0 0 0 0 0
0.0017204 5.3873544 0.9339859 1.4001092 4.0124869
0.0543052 0.0024753 0.0061824 0.0092678 0.0265601 0.0056528
0.0850485 0.2124234 0.3184374 0.9125901
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
4.93E-32
0
0 0 0 0 0 0
0 0 0 0 0 0
0.0453849 0.0117497 0.0293469 0.043993 0.1260769
0.0243877 0.0757222 0.1891293 0.2835179 0.8125166 0.1729283
0.0001032 0.0011079
0 0 0 0 0 0
0 0 0 0 0 0
0.0437242 0.0143838 4.5274668 6.7869847 0.1543413
0.0217364 1.3583936 3.3928249 5.0860783 0.9707905 0.2066138
1.9257106 0.0662708
0 0 0 0 0 0
0 0 0 0 0 0
0.1052187 0.2652618 2.260097 3.3880412 9.7095788
0.0181229 0.1558566 0.389279 0.583556 1.6723772 0.3559329
3.0862644 9.1016826 13.644049 0.9054577
0 0 0 0 0 0
0.4088951 1.1179742 2.7923356 4.1859035 1.7944798 0.3819201
0.2784288 0.1054573 0.1580878 2.9876053
0 0 0 0 0 0
0 0 0 0 0 0
0.1006114 0.8652577 2.1611321 3.2396859 3.0838517
0.0385835 0.3318179 0.8287732 1.2423881 8.50422 1.8099575
9.5466611 4.2803475 6.4165359 18.388756
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
